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In the early morning of April 26, 1986, reactor number four of the Chemobyl nuclear power complex
mMMwwnIuKmmm1ﬁmmmmm|MMMMmrmxdiﬂﬂﬂlMJWWMm‘wmwhspﬂwﬁlMMﬁ¢mM;5wmmsrwﬁmwﬁw”
materials into the environment. From the initial explosion and during the subsequent hours to days, secondary
releases, some as a direct result of an attempt to deal with the exposed core, caused a large civilian population to
receive significant doses. The entire city of Pripyat (48,000 people) was evacuated 36 hours after the initial
explosion, and a total of 116,500 people within a 30 km radius of the blast was relocated (Omelyanets et al..
1988). Together about 600,000 people were exposed to radiation from the accident (Sergeev, 1988). Those
who were assigned the clean-up and maintenance duties in the months and years following the disaster offer a
unique laboratory for the study of human radiation exposure at the individual and the populational level. The
workers, conscriptees, and volunteer army, who comprised the so-called "liquidators", numbered in excess of
200,000. Every effort has been made to determine the exposure level and fully define the population involved.
A registry, "The National Registry of the Ministry of Health", has been established which is continually being
updated. It contains 130,000 1986-1987 liquidators with a mean exposure of about 0.15 Sv. Up to 15%
received >0.3 Sv and ~2% were exposed to doses greater than 0.7 Sv. While of little comfort to the victims, this
tragic experience has produced a laboratory and a reference population which can be used to better understand

radiation effects in the human population and develop the means to assess them. We hope to achieve both in the
present collaboration by an intensive focus on the eye, with particular emphasis on the lens and its classic
radiogenic pathology, cataract.

S

That cataracts arise from exposure to ionizing radiation is a fact which has historically been well
appreciated by those involved in risk assessment and safety determinations. The lens, by virtue of its primary
pathology, cataract, has enjoyed a long history as a sort of biological dosimeter. The first attempt at true
calibration of this monitoring technique was done by Merriam and Focht in 1962 using a limited population of
radiotherapy patients. Although relatively few low dose exposures were available (the total population
numbered under 300 with 34 cases receiving less than 2 Gy) that work, suggested a threshold for cataract of 2
Gy. The most recent ophthalmic reevaluation of the Hiroshima data based on DS86 criteria suggests a
minimum cataractogenic dose of about 0.7 Sv (the study group numbered about 1100 of which 32 received less
than 2 Sv). A recent study of an American population (Beaver Dam, Wisconsin) (Klein et al., 1993) indicates a
igher prevalence of posterior subcapsular cataracts in patients who had received CAT scans, suggesting that
doses on the order of 10 to 30 ¢Gy are cataractogenic. A recent report on ocular changes in children from
exposed regions around Chernobyl indicate a higher than normal incidence of posterior subcapsular changes
(Eller et al., 1993; Day et al., In Press). While the precise dose range cannot be ascribed to the exposed children
it is very unlikely that it exceeded tens of ¢Sv with a high probability than most of the children were exposed to
a fraction of that. These data are consonant with experimental evidence (Worgul et al., 1993) suggesting the
absence of a threshold for cataracts and therefore that the cataractogenic response to radiation is purely
stochastic

NS
b= >

In terms of cataract in the Chernobyl population, it is becoming apparent that we are at the point when
opacities are beginning to develop. The problem is that while radiation cataracts develop in a characteristic
fashion, the changes are not pathognomonic. The clinical picture requires consideration of onset time,
progression, and a robust personal history. Because it is clear that the population is available, ready to study,
and the post-accident time is such that cataracts may be beginning to appear, we cannot afford to delay the
initiation of an ophthalmologica! follow-up of the Liquidator population. This group represents the most
dosimetrically defined of the Chernobyl population. Also, because their exposure was occupationally related,
they are continuously monitored and readily available for longitudinal analyses. The situation provides an
unparalleled opportunity to not only consider risk issues, but modalities for monitoring populations at risk and
to test existing theories of radiation action on normal tissues in general, and the eye in particular.
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The ocular radiation protection standards formulated by national and international committees are all
predicated on the assumption that there exists a high dose threshold for radiation cataract development. If, as
the evidence is increasingly suggesting, this supposition is incorrect, the standards set for radiation workers as
well as the population at large may not be appropriate. Clearly, in order to adequately protect those at risk of
radiation exposure this question must be resolved.

~

The Chernobyl population provides, by its size, dose distribution and accessibility, the first opportunity
to address the question of whether or not radiation cataracts are deterministic or stochastic. For the same
reasons it will permit the determination of risk for cataract development from radiation exposure. In addition, it
can supply the data necessary to determine the true potential for using cataract development as a tool to assess
populations at risk and reduce uncertainties in retrospective dose reconstructions across populations.

There is, in force, an agreement between a number of Ukrainian Institutes, supported by the Ministry of
Health, and the Eye Radiation and Environmental Research Laboratory (ERERL) of Columbia University to try
to recover from the tragic incident of April 26, 1986 information for a better understanding of the effects of
radiation on the eye, particularly as it relates to the lens and cataract and its utility in assessing risk to
populations. The Ukrainian American Chernobyl Ocular Study (UACOS) is outlined in our agreement which is
appended. The effort is tripartite in that there are three distinct thrusts with some complementary, but not
overlapping, emphases. This proposal constitutes the primary objective of the UACOS - To obtain reliable
evaluations of the risk of cataract development in a dose defined population involved in the Chernobyl
accident. This will be the largest study ever conducted of radiation-induced lens opacities in a population with
measured doses. It will have a range similar to the Japanese A-bomb ocular studies (Choshi et al., 1983; Otake
and Schull, 1990) but will be 5 times as large.

The long range goals of our laboratory have been: to exploit radiation cataractogenesis for the purpose of
assessing risk to individuals as well as to populations, to test theories of radiation action and to better
understand the basis of cataract development in general. Each of these goals will be served by the proposed
studies which have as their focus an exhaustive cohort epidemiological study with the development of a nested
case control subset on a specific population of Liquidators.

Review ;

Various studies of radiation effects on the eye have concluded that characteristically the initial lesion
caused by ionizing radiation is the posterior subgapsular (PSC) cataract (Miller et al., 1967; Merriam and
. 1Y . X . A ’ ;
Worgul, 1983). In terms of "spontaneous" cataracts attributable to other causes including aging, PSC cataracts
L! / A 1., =~ 1.5 E
are relatively infrequent, constituting only 5-15% of total cataracts (Sperduto and Hiller, 1984, Adamson et al.,
1991). The relatively low background rate of occurrence makes it easier to statistically detect an excess risk.
Y - =3 «

Radiation cataract was the first late effect of radiation to be documented armong the Japanese A-bomb
survivors (Cogan et al., 1949). The current epidemiologic database on radiogenic cataracts is relatively small
and is marked by methodological limitations, some of which may have led to a questionable characterization of
the risk function. For instance, the classic study by Merriam and Focht, based on a series of patients with prior
radiotherapy, reported a threshold dose of 200 ¢cGy (Merriam and Focht, 1957). However, only 33 patients with
lens doses below 200 ¢Gy were examined for cataracts in that study. The statistical power for detecting a
modest sized risk with this small number of patients would be extremely low. The value of 200 ¢Gy has
nevertheless been commonly used by various radioprotection groups (ICRP, NCRP, UNSCEAR, BEIR) as an
assumed threshold value for acute exposure, with even higher threshold values assumed for fractionated
EXPOSUres.
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In a recent reanalysis (Otake and Schull, 1990) of a 17-year collation of data on PSC cataracts among
2,124 subjects in the Japanese A-bomb study, the authors applied both non-threshold models that were linear or
HmmmmwwMum“m‘MMMMM1mwhh1WMPmWMWmhkmﬂﬁmwMMdm They found a slightly better fit from a dose
threshold model (with an estimated threshold of 70 ¢Gy) than from the non-threshold models, but the difference
between the goodness-of-fits was small and far from statistical significance, and, in fact, the non-threshold
linear-quadratic model provided an adequate fit (p = 0.18) to the data. It is of interest that there was a
suggestive elevation of risk in their lowest dose group of 1-99 ¢Gy, such that the relative risk was 2.1 (p = 0.08,
95% confidence interval 0.8-5.8) according to our calculations. It is also noteworthy that this, the largest
epidemiologic study of radiogenic cataracts, had significant limitations in that it was based on only 792 persons
and 15 recorded PSC cataracts in the dose range 1-99 ¢Gy, and that the data were collected by various
MWMM@MMW'WMMhm%ﬂm;ﬂmtmm<mmﬂmhmﬂmﬂcemummMummwmmmpummmv(ﬂww1MWPwﬂ%ﬂw1yamd
quality (e.g., the most recent examinations were performed without pupil dilation [Choshi et al., 1983]). The
wmmwwmminwmﬂ,w%khlbmwlmhwmﬁlm1MKmtmeM@%mhlkmwrdwwmﬁwmnmzﬂmmﬂmymmmbmn1a
threshold function, is difficult to interpret because it lumped together significant and very minor lens changes
(Otake et al., 1992).

At the other extreme from those who regard 200 cGy as the threshold dose, Klein et al (1993) recently
related PSC prevalence to anamnestic reports of diagnostic radiation. They reported that PSC cataract was
related to a history of CAT scans (RR = 1.45, 95% confidence interval 1.08-1.95) and was suggestively related
to diagnostic procedures to the head (RR = 1.27, 95% CI 0.96-1.66). However, these data should be interpreted
cautiously, since the diagnostic radiation history was based on self-reports which are subject to recall bias.

Several studies have reported an inverse association between radiation dose and time to cataract
presentation (Otake and Schull, 1990; Merriam and Focht, 1957, Merriam, Szechter, and Focht, 1972). This
implies that there should be a long-term follow-up rld'ﬂmdw‘}a1unvmuMﬁto.mmew;munduumlnﬁ<md[“ﬂ
cataracts at low doses. This is one of the reasons that we are planning a study with the possibility of extending
out 15-years (i.e., with total follow-up for about 22 years after exposure), with a potential to extend the study to
25 years (total follow-up 32 years) if it seems warranted. Some (Choshi et al., 1983), but not all (Merriam and
Focht, 1957; Otake and Schull, 1982), studies have also reported that the semsitivity of the lens to cataract
induction is inversely associated with age at radiation exposure. This will be investigated as part of the
proposed study.

A variety of other risk factors for cataracts have been reported. These include (see Bellows and Bellows;
1975) diabetes, diastolic hypertension and hypertensive drugs, phenothiazines and other major tranquilizers
(Isaac et al., 1991), hypocalcemia, corticosteriods (Italian American Cataract Study Group, 1991; Jacques and
Chylack, 1991), ultraviolet radiation exposure (Italian American Cataract Study Group, 1991; Leske and
Chylack, 1991), cigarette smoking (Christen et al., 1992; Klein et al., 1993) and alcohol consumption (Munoz
et al., 1993; Ritter et al., 1993). These factors need to be investigated as hypotheses in their own right-because
some the evidence is marginal or inconsistent-and also as potential confounder variables in analyzing radiation

Intake of several nutrients may lower cataract risk: carotenoids, vitamin A (Hankinson et al., 1992) and
vitamin C (Jacques and Chylack, 1991; Hankinson et al., 1992)-although not all studies have been positive for
these nutrients (Italian American Cataract Study Group, 1991; Hiller et al., 1983). The dietary factors merit
further investigation, and the present population may provide an especially good opportunity to do so because
the range of vitamin intake is likely to be greater than in studies in the U.S.

Therefore we plan a longitudinal study of cataract prevalence and incidence in a cohort of radiation-
exposed Chernobyl Liquidators with the following objectives. 1) To determine whether there is evidence that
the induction of posterior gubgapsular (PSC) cataracts by radiation is a stochastic or a deterministic, process.
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This implies that there would be excess risk at lower doses, rather than a dose threshold. This involves
examining the dose-response relationship below about 70 ¢Gy (which was the dose threshold estimated by the
investigators of the A-bomb survivor data). 2) To determine the risk of radiation-induced PSCs among
liquidators exposed to relatively high lens doses ( 270 ¢Gy). This question needs to be examined because the
exposures range from acute to protracted, unlike the A-bomb survivor study (Otake and Schull, 1990). 3) A
'='.f='<:'nmmdLmry’ objective is to examine ul‘nr':=wiin]lt="l radiation exposure, smoking, alcohol consumption, diet (vitamins
A and C, carotenoids)as co-factors in radiation cataract risk. The studies will be integrated into a fully inclusive

ophthal h.nu.w:: screening (preventative medicine) program provided by the Ministry of Health, Ukraine.
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]Hﬂhuﬂﬁ‘kﬁh[ﬂﬂ DESIGN AND PROTOCOLS

ORGANIZATIONAL STRUCTURE

This protocol is designed to be compatible with existing arrangements between the Ukrainian ocular
preventative disease programs at the Ministry of Health and the program for the present study. It represents an
elaboration of an existing agreement between the principals establishing the Ukrainian American Chernobyl
Ocular Study (UACOS). Biennial ophthalmologic examinations will be conducted to document the appearance
of posterior subcapsular opacities and other opacities of the lens among the Chernobyl Liquidators. The 12,000
minimum cohort will initially include Liquidators whose real-time dosimetry will be confirmed by retrospective
dosimetry and are part of the National Registry of the Ministry of Health. The examinations will be conducted
at seven centers (see Map below) set up as dedicated clinics for Liquidator medical follow-up. Each is equipped
for slit-lamp evaluation and ophthalmic assessment. As shown the clinics are distributed throughout Eastern
Ukraine in the cities of Kiev, Kharkiv, Dnipropetrovsk, Donetsk, Zaporizhya, Kirovohrad, and Poltava.
Together they provide the medical (including ophthalmologic) care of approximately 90% of the Liquidators
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who reside in Ukraine. The primary center, Central Liquidator Clinic, which is situated in Kiev, is the
administrative hub. A flow chart of the relationship of the various centers involved in the project is provided on

page 9. ]
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nation/imaging room, with an adjoining office, have been established in the Institute of Occupational
TOH) by the Director, Acad. Yuri Kundiev. In addition to conventional ophthalmic instrumentation
mmummmdﬂm1M&Mm10ﬂkhﬂm@wmw etc.) it contains a fully upgraded Zeiss Scheimpflug Slitlamp
ging System and Oxford Retro-illumination Camera. Acad. Nikolai Sergienko, Director of the Center for
Fye Microsurgery (CEM) has assigned two of his staff ophthalmologists Drs. George Parkhomenko and Andre
Ruban to oversee the facility. Both have been fully trained in radiation cataract assessment and lens imaging.
The ophthalmological facility is considered a satellite to the Central Liquidator Clinic which houses the
dosimetry and registry efforts under the direction of Prof. Ilia Likhtaryov of the Ukrainian Scientific Center for
Radiation Medicine (USCRM).

C
Prof. Likhtaryov has named Dr. Vadim Chumak of the USCRM to support the
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cataract program. From the U.S. side overseeing issues regarding ocular dosimetry are Drs. Lynn Anspaugh of
the Lawrence Livermore Laboratory and Andre Bouville of the NCI both of whom are intimately involved in
Chernobyl dosimetry associated with a variety of tissues.

Two ophthalmologists from each of the sites will receive training and instruction (by Drs. Sergienko,
Worgul, Medvedovsky, Parkhomenko and Ruban on the standardized examination to be employed (see pages
28-32). On average each center will be responsible for the processing of ~1700 patients. Each Liquidator will
be examined every 24 months. Assuming 200 work-days per year, on average, slightly more than 4 subjects
will be examined per day per site. Thus by the conclusion of the first year’s follow-up 6000 of the cohorts will
have had their initial ophthalmic assessment.

The examination results, recorded on scan forms, will be available to the participants in the study - the
forms will be transmitted to Drs. Parkhomenko and Ruban at the CEM who, after checking them for
compliance, will retain the Ukrainian top sheets and forward the English second sheets to the ERERL. The
sheets will be coded so that the identity of the individuals will not be known to the American arm of the study
(see forms Appendices 11 & I, pages 62-73). Acad. Kundiev and Dr. Vitte of the Institute of Occupational
Health (IOH) will independently supply the results of the diet and habits survey, again coded to guarantee
privacy of the Liquidators enrolled in the study. Prof. Likhtaryov and Dr. Chumak will transmit the data on the
eye-dose. The data will be jointly analyzed and statistically evaluated by the UACOS members.

The overall study is an integration of three key areas each with its own rationales, criteria and protocols.

I. Dosimetry support
II. Epidemiologic study design
1I1. Ophthalmic follow-up
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Ilia Likhtaryov, Ph.D. - P.1. (Pages 4.

Lynn Anspaugh, Ph.D. (Pag ﬂ;;'
Andre Bouville, Ph.DD. (Pmkmwfdilqw
Vadim Churnak, Ph.D. (Page 40)

As illustrated in the mmemMMwﬂ1¢ﬂﬂ(w1?mw 9, Prof. Ilia Likhtaryov Head of the Radiation
Dosimetry Department of the Ukrainian Scientific Center for Radiation Medicine (USCRM) oversees the
mmﬁmmmMKManmM»edmmnﬂﬂwmwmm%mlwmh}w'lmmmnmﬁmﬁwwmm.[%mﬂﬂxmmMmmwmlnspwmp
including Dr. Chumak who is assigned specifically to our study, and Drs. Lynn Anspaugh of the Lawrence
Livermore Laboratory and Andre Bouville of the NCI will oversee the dosimetric aspects. The work will
parallel, and frequently complement, other, on-going, dosimetry efforts associated with the Liquidator
population.

Although the total number of Liquidators exceeds 250,000 we will draw our sample from the 130,000
who served from April 26, 1986 through February, 1987. The rationale for this selectivity rests on the fact that
the dose distribution tends more towards the higher levels than is found to be the case for the Liquidators who
came later. An explanation for the difference in exposure lies in the fact that until February, 1987 the workers
were permitted to receive the accident dose limit of 25 ¢Sv (see below) thereafter the permissible exposure was
reduced to 10 and later 5 cSv.

Personal Dosimetry At Time of Exposure: Personal dosimetry began on May 9, 1986, two weeks after
the Chernobyl accident, and continues today. During the period of the most intensive and extensive activities at
the reactor site, a host of institutions were involved in the dosimetry effort. Of these, the most significant data
arrays were obtained by the Department of Dosimetric Monitoring of the Research and Industrial Association,
"Pripyat”, the Department of Radiation Protection of the Chernobyl Nuclear Power Plant, and the Armed Forces.

Unfortunately, personal dosimetry monitoring very soon after the accident (from the first hours until the
14th day) was not undertaken. That period was characterized by the overexposure of personnel due to the lack
of dose-rate data as well as poor organization of the on-site activities. In addition, some data related to the
period July-August, 1986, was lost. Dosimetric assessment of all the workers entering the 30 km zone was only
instituted in 1987,

Of the April, 1986 - February, 1987 Liquidators, approximately 130,000 live in the territory of the

Ukraine. Of those about 22% have had direct measurements of dose. Throughout the early, radiation intense,
period, the skills and conscientiousness of those responsible for the dosimetric assessment varied ificantly.
In some cases the results of the dosimetry were distorted intentionally. An early effort to determine the dose-
distribution resulted in a bimodal curve with peaks at 120 mSv and 250 mSv.
7ﬂmwmmmdﬁmﬂcm\hmdmﬂﬂmnmn1m“mumMml"MWmlwhmvemmwmmmﬂ'hﬂhﬁmﬁMl@leﬂumnmp
factors. One was the existence of a 25 rem "accident limit" in force until February 1986. Another was a strict
policy of not recording the fact that the 25 rem limit was exceeded. Analyses of all the available direct measured
data, the distribution curve for the 1986-1987 population has a single peak at ~170 mSwv.
For the above reasons, the existing official dosimetric records have, at best, only nominal utility for the
purposes of this project. Therefore, it is essential that all the data from the 130,000 cases in the National
Registry which provide dose estimates (thus far approximately 29,000 records have been transferred to the
USCRM registry) be carefully analyzed to reject the wittingly false information, provide quality assessment, and
filter the data available for epidemiological evaluation. We are approaching the dose reconstruction in two
ways, using an analytical technique to estimate exposure and an instrumental method to measure it.

Analytical Reconstruction of the External Exposure Doses: Analytical dose reconstruction for the
Liquidator cohort is based on the compilation and collation of three components: the work regime (environment
and tasks), professional route data for each individual, and the results of the dose-rate measurements taken in the
corresponding locations.

dos
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The source of the route data, the "Liquidator Route List" adheres to a specific format, requires corroboration
by witnesses, and confirmation by on-site authorities (those responsible for the work of the Liquidators in
question). In addition, each Route List is verified by knowledgeable individuals who are extremely familiar
with the topography of the reactor site, profile of the recovery activities, and dose-rate data at the work sites and
travel routes.

The direct measurements of the external dose-rate, B-contamination, and radionuclide composition, in more
than 4,000 rooms of the Chernobyl Nuclear Power Plant (NPP) and points around the site, constitute the second
critical component of the analytical retrospective dosimetry database. Analysis of these data indicate that
perhaps the most important feature of the contamination pattern in the NPP site was a significant heterogeneity
of the fallout and, consequently, dose-rates.

The non-uniformity of the contamination underscores the need to obtain highly accurate and extremely
detailed route data from the individuals who are polled. This is becoming increasingly more difficult with the
passage of time, and particularly now, that eight years have elapsed. Therefore, the analyses require the
application of the theory of fuzzy sets rather than using deterministic dnwﬁ‘mﬂuu" Pxﬂwﬂwuﬂtm'mnﬂIWTndmCﬂ
approaches allow one to derive the most likely dose bracketed by its upper imum possible dose) for a
particular Route List.

In arriving at a dose estimate, the Route List is divided into several "episodes” collectively describing the
complete scenario of the occupational activity associated with the accident. Each episode consists of number of
"frames", corresponding to those periods of activity when the exposure rate and y/p dose ratio can be treated as
constants. For each frame the assessments of the most probable and maximum absorbed doses are determined.
The total dose is then calculated by the superimposing of doses from frames according to the rules governing
fuzzy sets algebra.

Although this method is extremely time consuming and not readily approachable by algorithm, the

exposure levels thus far determined by this approach coincide well with results of independent methods (e.g.,
personal d etry and/or the electron spin resonance technique). An example of the results of the analytical
retrospecti nsimetry are summarized in Table 2 (page 18).
Instrumental Reconstruction of External Doses: One of the most reliable methods of instrumental
retrospecti imetry of individuals is Electron Spin Resonance (ESR) spectrometry utilizing tooth enamel as
the subjec ial. It is well known that irradiation initiates paramagnetic centers in the crystalline structure
of enamel. The concentration of the centers depends linearly on dose. Figure 1 illustrates typical ESR spectra
of irradiated and non-irradiated tooth enamel. These centers are extremely stable (up to 109 years) making
enamel a highly attractive material for use as a retrospective dosimeter. Presently the minimurmn detectable dose
threshold lies between 0.15 and 0.25 Gy. The broad background ESR signal (Fig. 1a, curve B) caused by the
organic component of tooth enamel makes detection at lower doses difficult. However, the signal to
hwkmnmmlnﬂm'MMLM?lmpuwullw treating the
samples to remove organics from the enamel.
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The ESR technique for retrospective dose reconstruction requires a number of analytical steps. As shown

in Figure 2 there are two procedures which can yield useful data. The complexity and labor intensiveness of
each are directly related to its precision.

Full-scale method Abbreviated-method
1. Patient registration 1. Patient registration
2. Assessment of the external dose by 2. Assessment of the external dose by means
means of a survey of a survey
3. Dental examination 3. Dental examination
4. Tooth extraction 4. Tooth extraction
§.  Preliminary treatment of tooth 5. Preliminary treatment of tooth
6. Washing 6. Washing
7. Crushing 7. Removing dentine by dental steel drill
8. Separating grains of appropriate size 8. Crushing

9. Separating the enamel and dentine by 9. Distributing and preparing the sample
specific weight

10. Doping the ESR standard marker 10. Recording of ESR spectrum
11. Preparing the standard sample 11. Deconvoluting the spectrum
12. Recording the ESR spectrum 12. Determining the dose
13. Secondary controlled irradiation and

recording the ESR spectra

14. Deconvoluting the spectra
15. Plotting individual calibration curves
16. Determining the dose

Figure 2: The steps associated with the ESR-dosimetry technique (Full-scale and Abbreviated Methods)

The critical steps areas follows:

1. Separation of dentine and enamel - two tooth components with different dosimetric and spectroscopic
properties - is done mechanically or by exploiting the difference in specific weight.

2. Crushing the sample is necessary to obtain grains of optimal size for measurement.

3. Chemical treatment removes potentially quenching organic substances from the tooth enamel.

4. ESR measurements are then done on the pulverized material.

des of the additional irradiations under controlled laboratory conditions provide individual
Mmmmd(HINMVM“mmuhm«hyamnw for differences in sarmnple radiosensitivity.

6. Mathematical processing which includes deconvolution of the ESR spectra, taking into account the
contribution of the background (natural) exposure etc.

The possible contribution from diagnostic x-ray exposure was modelled utilizing a dental x-ray facility. It
was found that the dose differential between the outer tooth face and the inner surface was greatest for the
molars (teeth #4+) and bicuspids (#3) and insignificant for the front teeth (#1 and 2). Therefore, if we recover
#3 (or higher) teeth the inner and outer surfaces are processed separately to determine the diagnostic dose
contribution. If teeth #1 or 2 are involved we must depend on the information in the tooth ID Form (see
Appendix I, pages 59-61) for the number of examinations which the Liquidator has had.

The methodology is extremely labor intensive requiring 2-4 days to complete. However, the accuracy and
:mhﬂﬂmw@f&wrwmh%mmmhfmwﬂVﬂmeeomeHnﬁhmﬁhwﬁwimmmnnmmlmewmumKWWMﬂwmmL&vﬁ
assessments and for the dosimetric support of defined contingents, as in this study, for which dosimetry is
critical.

Conversion From "Whole Body" to "Lens" External y-radiation Exposure: The dose to the lens of the
eye is estimated from whole body doses (effective doses), or the doses obtained by a personal dosimeter usually
held at chest level. In those case of a uniform frontal exposure, the dose to eye lens is considered to be
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equivalent to that determined by either approach. However, in the complex y-radiation fields found in, and
around, Chernobyl, the dose to the lens may differ from the measured or estimated whole body dose. Thus a
correction factor must be applied to the existing dosimetric evaluations. Quantitatively this factor may be
derived by Monte Carlo simulation with the application of an anthropomorphic mathematical phantom using
assumptions regarding varying geometries and energy spectra of the radiation. These calculations must
necessarily focus on the geometries most characteristic of the Chernobyl conditions (uniformly contaminated
surfaces, surrounding geometry with varying activities in different sectors, sources of high activity on a low
activity background, etc.). The assumptions regarding energy spectra consider the time which had elapsed since
the accident in order to account for changes in the isotope composition caused by the decay of short lived
radionuclides. If available, y-spectroscopy data will be used for the verification of model assumptions and
estimates. Derived transfer factors "whole body dose" - "dose to eye lens" will be computed with uncertainty
ranges. The relative appropriateness of these conversion factors will be obvious from the comparisons of the
extreme values of the doses derived from these factors to expected uncertainties of estimates or measurements

of the whole body doses.

Estimating the Contribution of External B-exposure to the Lens Dose: The lens is one of the tissues for
which the external B-exposure during the Chernobyl accident might make a significant contribution to the total
dose. As is the case for complex y fields, the B-dose to lens can be estimated by Monte Carlo simulation using
realistic assumptions concerning irradiation geometries and radionuclide composition of the fission products
released from the destroyed reactor. Due to rather strong attenuation in air, the exposure configuration is even
more critical than is case for y-exposure. The orientation of contaminated surfaces as well as effective area of
radioactive “hot” spots must rolled into the Monte Carlo simulation.

Since the direct measurements of B-contamination and P-fluences at work-sites were not, as a rule,
performed, the best of assessing the external B-radiation exposure to lens is to establish the correlation with the
external y-ray dose. Preliminary studies indicate that the energies of f-component (Fig. 3) as well as intensity
of the irradiation (Fig. 4) changed in a complicated manner with time.
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Figure 4 Intensity of the B-radiation from Chernobyl
Reactor 4 fission products as a function of the
time after release

Figure 3: Average energy of the B-exposure from
Chernobyl Reactor 4 fission products as a
function of time after the release

Conversion factors will necessarily incorporate both the geometry of the irradiation and the time after the
accident (to account for radionuclide composition). Table 1, page 15, contains preliminary maximum (P, ) B/Y

ratios for the lens of the eye calculated using a cylindrical tissue-equivalent phantom for a series of times
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(radionuclide compositions) and effective source areas. The estimates which we will eventually use will be
réfined to account for behavioral considerations, for example whether or not spectacles or protective goggles
Were Worr.

it Times After Release

Table 1: Values of the B, for the Lens at Differ

Effective Time after the accident
area of the |
source (m°) Ik 6h Id Sd 15d 30d 60d 120d 360d
2 31 2.4 1.9 2.1 39 53 6.5 10.0 18.3
3 34 2.7 2.2 3.0 4.4 6.0 7.4 11.2 20.6
5 3.0 2.8 1.9 2.6 3.9 5.8 6.5 10.0 18.2
8 2.4 2.0 1.5 2.0 3.1 2.4 5.2 7.9 14.5
12 2.0 1.7 1.3 1.7 2.6 2.0 4.3 6.6 12.0
18 1.7 1.4 1.1 1.4 2.2 1.7 3.6 5.6 10.2
25 1.4 1.2 0.9 1.2 1.9 1.4 3.1 4.8 8.8
35 1.3 1.1 0.8 1.1 ] 1.7 1.3 2.9 4.4 8.1
45 1.2 1.0 0.8 1.1 ‘ 1.6 1.2 2.6 4.0 7.4

The results of the refined calculations will be entered into a lookup table providing for the dependence on
time, geometry and special circumstances (e.g., goggles). Confidence intervals for the conversion factors (such
as those arising from the uncertainty of input data) will be included in the tabulation.

In addition, in concert with B-contamination measurements and the results of y-spectrometry of the fallout,
the classification of the work-sites and the nature of the activities of the workers will be generated.
Characteristic class-dependent conversion factors can then be estimated as well. In this way a more precise
assessment of the external B-dose contribution can be achieved. Furthermore, depending on the scope of the
data, individualized assessments may reduce the uncertainty even further.

Assessment of the Internal Exposure Dose Contribution to the Lens Dose: It is well established, that
because of the circumstances of the Chernobyl accident cleanup, the internal exposure represented a
significantly smaller contribution to the total dose of the Liquidators than did the external exposure.
Conseque
targeted investigation is planned to determine the validity of this view. The doses contributed by different
radionuclides deposited in soft and hard tissues will be calculated. These calculations (using worst-case
assumptions concerning radionuclide intake during the recovery activities) will involve metabolic models
together with Monte Carlo simulations employing the anthropomorphic mathematical phantoms. The maximum
lens doses which, conceivably, can be caused by internal sources will be compared to the doses of the external
v- and B-ray exposures; the derived assessments will then be compared with dose uncertainties from the
dominant sources.

Data Handling: We propose to bank all the individual dosimetry data for the workers enrolled in the
present investigation in the special dosimetric register comprising several computer data bases. The data are
maintained in the dBase 11 format to allow ready processing, analysis and exchange. Several classes of data are

represented in these data bases:

1. The results of personal dosimetry at the time of accident (obtained from those who currently hold this
information - if needed, protocols will be designed to transform records from data bases in foreign
formats).

2. The results of the analytical dose reconstruction.

3. The results of the instrumental retrospective dosimetry.
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4. Intermediate information such as Rowute Lists, tooth identification forms (raw data of the ESR assays) etc.
will be formalized and entered into a data base.

5. Supplementary data such as dose-rates, isotope composition in different locations etc.

6. A computer file for every worker in the ophthalmic follow up - the central element of the dosimetric
register. The file will contain excerpts of dose records (including uncertainty estimates) as well as the
complete histories of the participants in the Chernobyl clean-up and administrative data including
contact addresses and telephone numbers.

The overall structure and interrelations between elements of the data base family are shown in Fig. 5. All

the data bases are to be linked by a universal identifier thereby allowing joint processing and analysis.

Supplernentary data
(dose rate, isotope composition etc.)

w w

Figure §: Structure of the data base and

- ) " ' alvtie: tarriediat
data handling relevant to the | Personal ““"":li"r"e""‘i' Analytical | ||'1'1:I!|r1rl1"iftahi'!||ﬁil |||-+{ ESR-cosimetry I-.lll--
dosimetry for the ophthalmic at time of accident dosimetry Information :
follow-up. ' :, 4 ‘ll
1w w
I Files of Ophthalmic Follow-up Subjects %m -------------------------------

vank of biological probes consisting of teeth from Liquidators provided to our faculty
is bank is comprised of three sections repositing bioprobes at various levels of
pmmmwm@:|mmmmamanMwUummnmmmﬂwMﬂwnwﬂ1m1mmmwu]umuﬂh]mwmmwﬂammpMSmmﬂmﬁMWﬂ
storage.

Upon arrival, teeth which were transported while preserved in a special medium (Nikiforov's cocktail), are
cleaned to remove any remaining soft tissue. They are then dried and stored as untreated samples in the primary
materials section of the bioprobe bank.

After the initial processing of the samples (cutting the tooth root, removal of dentine, crushing) the
pulverized samples are used for dosimetric screening by an Abbreviated ESR-dosimetric method. They are then
stored as initially processed samples.

If selected for further work, particular samples are subjected to more rigorous assay. They are treated
chemically and thermally to maximize accuracy and increase the sensitivity of the detection, thereby lowering
the dose limit of the reconstruction. After a series of controlled irradiations and ESR measurements, the
samples are reposited for long-term sequestering in the archive storage section of the bank.

At all stages of storage, bioprobes are kept in individual containers with clear labeling to minimize the
chance of loss or mix up. All relevant documentation including ID codes are entered into a computer data base
and concomitantly archived as hard copies. The status of the bioprobes at any given time is registered in a
special log as well as in the computer files. Since the bioprobes are extremely compact, a nearly unlimited
number of samples can be without undo effort or special requirements except to protect them from additional
radiation exposure (over the natural background level).

Providing Access to the Personal Dosimetry Records.: At present, personal dosimetry records are stored
in the national registry of individuals who suffered from the Chernobyl accident (most of it data from 1986) as
well as in the registries of the Department of Dosimetric Monitoring of the Research and Industrial Association
"Pripyat" and Department of Radiation Protection of the Chernobyl Nuclear Power Plant. Ongoing acquisition
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of this data is provided within the framework of bilateral agreements between the USCRM and each of the
agencies maintaining it. The information is typically transferred by printed or digital media.

Acquisition of Tooth Samples From the Liquidators.: Currently, the teeth are extracted from Liquidators
at two centers - the Hospital of Liquidators in Kiev (Liquidators of Kiev city and Kiev region) and Special
Hospital #126 in Slavutich (a satellite town to the NPP). By agreements with these hospitals dentists collect,
and ship to us for study, all teeth from persons who belong to the group of Liquidators in which we are
interested, the participants of Chernoby! clean-up in 1986-1987. Tooth samples are accompanied by “Tooth ID
Forms” - reflecting the individual history of contact with radiation (during the work in Chernobyl and during
the non-accident related lifetime) as well as personal data and subjective recollection (see Appendix 1, pages
59-61).

W,Mmm&mmwmmu&%@ﬂMgMﬂﬂMummﬁ,MWMMWWMWMRmdmmmmﬂ1mmmMMw%Hm*
medical care of the Liquidators. This network, with assistance of local health protection agencies, will consist
of the dental departments of the associated hospitals in close communication with the methodological center in
the Department of Dosimetry of the USCRM. The USCRM will be responsible for all the bioprobe
registrations, longitudinal storage, and Tooth ID Form data entry into the database.

Practical Dose Reconstruction: The principal criterion for the selection of subjects of the cohort is the
existence of reliable data on the external y-exposure during the clean-up activities. The sources of this data will
be:

1. Official personal dosimetry records which were generated by those whose expertise provide a high
reliability of the validity of the data.

2. Results of analytical dose reconstruction (with Route List) according to a standardized method.

3. IMSUMmmﬂmmﬂlfMNMmmxmnmth&nneuwﬂwyInemmsC%W*qmlﬂpﬁfthmewww’MWu& 1 enamel.

4. If possible, corroborative biological dosimetry (only if confidence is high and it is possible to
differentiate external and internal exposure in the post-accident period).

The next step will be to convert the whole body (personal dosimeter) dose to the lens dose and estimate the
contribution of external B-irradiation to the latter. This will involve a series of Monte Carlo calculations using
anthropomorphic phantoms with respect to different irradiation conditions. All patients will be surveyed in
order to get information about the duration and spatial aspects of the Chernobyl recovery activities.

In order to optimize the studied cohort with individual dose determinations of high confidence, the strategy
is as follows:

1. Evaluate the credibility of the official personal dosimetry records in order to select reliable data from
this array. This will involve (a) correlating the officially recorded doses with the levels thought to be
p?mmnwhmwmpmﬁh«kﬁvwmﬂwhwwwmmm%ﬂﬂmomnmnﬂ&smmngmm%ﬁmddmymmaﬁmhmmdwmm
who were working in similar conditions during the same period and on whom personal dosimetry was
conducted, and, (c) determining the departmental affiliation of the Liquidator. In the event that the
official records do not cover the entire period of work in the Chernobyl area, the available data will be
taken into account, but the final conclusion conceming dose ultimately will be dependent on the results
of the retrospective dose reconstruction.

”~

2. Conduct an analytical retrospective dosimetry of the 1986-1987 Liquidators, primarily for the on-site
workers. These calculations depend on two sets of data. One is the result of direct dose-rate
measurements in more than 4,000 rooms and reference points at the NPP site and the other, is derived
from information gleaned from the Roure Lists detailing worker locations and working conditions.
Exploiting the theory of fuzzy sets, the maximum possible, and the most probable, doses will be
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calculated. These dose assessments are already completed for approximately 1,400 Liquidators; Route
Lists for more than 3,000 Liquidators are currently available for calculation. It is anticipated that 12,000
dose assessments will be completed within the next two to five years.

. Undertake ESR-dosimetry using tooth enamel as a natural dosimeter. We presently have a method
which allows us to reconstruct doses higher than 0.2 Gy within 25% accuracy. Our bioprobe bank,
which is growing daily, currently contains over 350 teeth which were extracted from Liquidators. Every
sample is accompanied by a tooth identification form (see Appendix I, page 59-61) containing personal
and contact data as well a lifetime history of radiation exposure including medical and dental. Currently,
we are developing a nationwide network for sample acquisition.

IR

ESR-dosimetry is extremely labor intensive and, therefore, 100% coverage of Liquidators with this method
is impossible in the short term. Therefore, we are approaching the ESR assessment, the most accurate and
reliable tool for retrospective dosimetry, in two ways.

First, it will be used for selective verification of doses derived from official records and the analytical
retrospective dosimetry. Secondly, individuals with doses higher than 0.25-0.3 Gy, as measured using the
abbreviated ESR analysis, may be included in the cohort with detailed dose reconstruction performed within the
next 2-5 years.

Information about all individuals included into the investigation will be entered into our data base for
storage and further processing. Permanent contact with this cohort will continue not only for purposes of
periodic ophthalmic examinations, but also for additional surveys aimed at improving the accuracy of the dose
estimates.

The calculation of v- and B-doses to the eye lens will require considerable effort and investment, although
some studies designed specifically to estimate the f/y ratio in the lens have already been initiated (see Table 1,
page 14). Monte Carlo simulations using existing, as well as specially designed, mathematical m*nﬂurupwuuwua]*uuw
phantoms will be used for this purpose. The calculations will be performed for different irradiation geometries
and energy (radionuclide) compositions of the exposure. The use «:)[ f protective goggles or other eyewear will be
considered as well. The results of these calculations will be available in tabular format, classified according to
the time after the release, and configuration of work places. The sources of error propagation and uncertainty
assessments will also be included in this model.

The dosimetric support for the cohort study will ultimately result in an array of individual lens doses for
every participant in the follow-up as well as the assessment of the uncertainty of the dose for each Liquidator.
Current (rough) estimates for the uncertainties which accompany the doses determined by the instrumental and
analytical methods are 30% (at 15 - 20 ¢Gy) and 40-60% respectively. The bases for these rough estimates are
given below!. It is important to recognize that while we anticipate a range of confidences, for the purposes of
our evaluation and given the doses with which we are concerned (particularly for addressing the
deterministic/stochastic issue for radiation cataract), uncertainties twice those estimated should not impact the
conclusions greatly. Such uncertainties in the evaluation of absolute risk are similarly unlikely to be
problematic. This is because established doses will be bracketed as will the risk values to which they give rise.

The highest probability of radiation cataracts is for those individuals exceeding doses of 25 c¢Sv.

Therefore, that group of individuals have been the initial focus of the retrospective dosimetry effort as it relates
to the cataract investigations. Estimating that 5-15% of the 130,000 1986-1987 Liquidators fall into this

! The error for the ESR technique includes instrument error and the error for the dose value which, in tumn, is determined from a
calibration curve with its own intrinsic error. The possible error in the assigned dose is derived by Monte Carlo sampling from the
error distributions. In the case of the analytic dose reconstruction, the fuzzy sets technique provides an assessment of mean dose and
maximum, possible dose. These values are related by a conversion factor which primarily depends on the time which has elapsed since
the accident. By assuming that the factor corresponds to am upper 2 sigma confidence interval and that the distribution is lognormal
one calculates a 40-60% uncertainty for this technique.
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category, we project a potential pool of 6,000 - 20,000 people with exposures greater than 250 mSv. Given the
fact that this population is already being so closely scrutinized and because its dose distribution is such that it
favors the higher doses we plan to focus our effort on this group.

Table 2 , below, provides a breakdown of age and dose for a group of 1197 Liquidators who have had
confirmatory dosimetry as of May, 1993. This list, which now numbers 3000, illustrates the nature of the
population which is available. Clearly this represents an opportunity unparalleled in the history of radiation risk
assessment to fully define a modality of considerable potential for monitoring the well being of our populace.

Table2. Age and dose distribution for 1197 Liquidators (1% of the total population in question)
who had worked near or inside Reactor 4 during May - June 1986 and whose doses were confirmed
by follow-up retrospective dosimetry ( Provided by I. Likhtaryov ).

Number of Subjects

Age (years) Dose (¢cGy)
<5 5-10 | 10-25 | 25-50 | 50- 100 | >100 All
18-22 2| 1 8 8 2 4 25
23-30 1| 4 22 42 56 22 147

31-40 4 | 10 44 116 146 70 390

40-55 8 | 22 80 184 208 112 614

>55 1 1 6 6 6 1 21
TOTALS 16 38 160 356 | 418 209 1197

It must be emphasized that these initial individuals were selected because of the high dose nature of their
exposures. Therefore, this is not a random distribution. The skewing to the higher doses and older individuals
is also not fortuitous. Those with supervisory responsibilities tended to be older and, because of their roles,
re more likely to remain, on-site, for longer periods. In any case, the numbers which can be generated, are
clearly apparent. By initially drawing from this pool and specifically targeting those not retrospectively
assessed, but who are in enrolled in the eye cohort, we are confident that retrospective analysis will be

completed on the entire cohort by the end of the second examination cycle.
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II. EPIDEMIOLOGIC STUDY DESIGN AND PROTOCOL

Management and Oversight Personnel (Pages for biographical data in parentheses)

Roy Shore, Ph.D. - P.I. (Pages 49-50)
Yuri Kundiev, Ph.D. - Co P.1.. (Pages 41-42)
Peter Vitte, Ph.D. (Page 53)

The study design is basically a cohort study in which the subjects have a broad range of doses to the
eye (from <5 to >100 ¢Gy). Although the average dose to the entire Liquidator worker population is only 15 -
20 ¢Gy, because the population is large we can oversample the medium and high dose ranges to produce a dose
distribution that yields maximal statistical power to answer the scientific questions that we have posed. In order
to obtain more detailed information on risk factors for cataracts, we will supplement the cohort study with a
nested case-control study, in which a more extensive questionnaire will be administered to cataract cases and a
set of matched controls.

Expected Risk of Cataract Induction: Based both on animal data (see Worgul et al., 1993) and
preliminary indications in available human data (Otake et al., 1992; Klein et al., 1993) we posit that the
radiation induction of cataracts is a stochastic process, which i umwdumkﬂmu even low to moderate doses will
wmmmmrwonm*nm?wmn?¢Jfﬂddﬁd1ﬁ§k In order to estimate the likely magnitude of risk, we obtained preliminary
data from Dr. Vasily Gaiday who has examined 120 "high dose "Liquidators in the Ukraine over the last five
years (i.e., about 2-7 years post exposure) The examination techniques were not as sensitive as we will employ,
so his numbers undoubtedly represent a lower bound on risk. The resulting data are shown in Table 3. The
apparent absence of risk in the lowest dose group is likely to result from a combination of (1) the small number
of persons examined, (2) the limited sensitivity of the examination procedure (see Table 3 footnote), (3) the fact
that these examinations were performed within a few years after the radiation exposure and unfortunately he did
not indicate when during the five years the individual observations were made. The last point is extremely
relevant in that it is well documented that the time to cataract formation (latent period) is inversely related to
dose.

Table 3. Preliminary Data for Cataractogenesis in 120 "High
» f =) =
Dose" Liquidators
(Personal Communication, Vasily Gaiday)

Dose n Cataract Non-cataract
1-2 Gy 59 0 59
2-4 Gy 45 8 37
> 4 Gy 16 6 10

It should be moted that the data are intrinsically anecdotal.
Also, they are derived from observations spread out over
the last five years. In addition, some of the cataracts were
assessed grossly with an ophthalmoscope. Therefore, the
numbers are surely an underestimation of the individuals
with early o moderate cataracts.

The average absolute risk in Table 3, calculated as a weighted average across the three dose groups, is about 5%
per Gray (or 5 x 104 ¢cGy-1). lhwarrun“]mmmk,vmﬂﬂnwnh1lw'dh&ﬂhﬂetuuwwmlumk‘*nnmamm(ﬁ‘ﬂmau 4.6% per

Gray for the gamma dose found in the Japanese A-bomb study (Otake and Schull, 1990).

Page 19



UACOS

Dose Distribution and Selection of Study Subjects

Since the previous version of our proposal, we have found it necessary to shift from an annual
exarination to a biennial one, since 10,000 subjects could not be examined each year. However, this change
will permit an increase in the sample size somewhat at the low-dose level so that there are 12,000 subjects in all
rather than 10,000. Thus half the cohort will be examined per year. The new projected dose distribution is
shown in Table 4 (the previous numbers of subjects were 2,000 at <5 ¢Gy and 500 at 5-10 ¢Gy).

Table 4. The distribution of doses that the study would aim for and that which was used in the
simulation to evaluate statistical power.

Dose Range (cGy) Assumed Mean Assumed Percent Distribution of
Dose (cGy)* Distribution Workers for
N=12,000%*

< 5§ 2.5 20.8 2,500
5- 10 7.5 16.7 2,000
10- 25 17.5 16.7 2,000
25 - 50 375 25 3,000
50-100 ‘ 73.0 14.6 1,750
> 100 130.0 6.3 750

* When just the dose range 0-70 ¢cGy was considered, only half the subjects in the 50-100 cGy dose interval
were used and the estimated mean dose assigned to them was 60 cGy.

Originally we had for perceived logistical reasons used an N of 10,000 but because of a change in the
examination cycle there is less constraint on the sample size so that the <10 cGy groups could be
effectively increased. Although the risk coefficient calculations remain based on the 10,000 cohort, if they
are affected it will be to only make thern more conservative.

ke

The rationales for this dose distribution of persons are as follows:

1) In order to have good statistical power and a good estimate of the risk at high doses, one needs a

) 2 g &

fair representation of high-dose (i.e., »70 ¢Gy) persons. However, the number of high-dose persons is

limited-about 2,600 with doses >70 ¢Gy among the 130,000 liquidators-so our selection is limited by
» =

that number.

2) The main concern of the study is the risk among those with low to moderate doses, so we clearly
want substantial numbers in the range of 10-70 ¢Gy. At doses below 10 ¢Gy a large number of subjects
is required to see an effect especially if the dose-response function is linear-quadratic. In particular, we
want to determine whether a dose-response trend can be seen over the range of 0-70 ¢Gy, and to have
reasonable power and precision in estimating the linearity/curvilinearity of the dose-response function.

3) An adequate baseline r § " screening is
also needed as an anchor to the curve. To this end, a pool of Liquidator subjects ittle or no
exposure will be included. Our projected sampling of workers by dose range represents an attempt t
balance these three competing goals. The percents shown in Table 4 were applied to each of the sample
sizes we evaluated: 5,000, 10,000 and 15,000.
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Assessment of Statistical Power and the Required Sample Size

As noted above, we have changed the sample size to 12,000 subjects (from 10,000 in the previous
version of the proposal). This will increase the statistical power and precision of the study somewhat over the
results we presented previously, but because of the extensive calculations involved we have not performed new
calculations. The results given below should therefore be regarded as a lower bound on the statistical power
and precision that we should be able to achieve with the enlarged study population size

The preliminary study of the magnitude of radiation cataractogenesis among Chernobyl liquidators
yielded an estimate of 0.0005 per person per ¢cGy within seven years of the accident (see page 20). To be
conservative we assume that the excess prevalence of 0.0005 per person per ¢cGy would occur in 10 years i.e.,
that the excess is 0.005 per person-year per Gy [0.005 (PY-Gy)-1]. Given that our examination techniques will
be more sensitive than those used with the preliminary data, we expect that the absolute excess risk will be
higher. Nevertheless, to evaluate statistical power, we have used the estimate of 0.005 (PY-Gy)-1, plus values
which bracket this estimate, namely, 0.01 (PY-Gy)-! and 0.002 (PY-Gy)-1. in order to cover a plausible range of
possible outcomes. Experimental studies by the present authors (see Worgul et al., 1989; 1993; Brenner et al.,
1991; 1993) have shown that the dose-response curve is usually linear-quadratic, with the low-dose risk
uWMmMyaﬁmumofkﬁu)LﬁhwwwpwmeCMHwhmnhohﬁhﬁhmmemﬁﬂwwmmw So, to be conservative in
modeling the expected cataract response, we built in a low-dose reduction factor of 2 for doses under 70 ¢Gy
(where 70 ¢Gy was the estimated "dose threshold” or inflection point in the A-bomb study dose-response curve
(Otake and Schull, 1990.).

From the time of the Chemobyl accident until the end of our proposed 5-year study represents 12
years of follow-up (or 11.8 years on average once sample attrition is factored in).2 A 15-year study, as we
anticipate, would represent a maximurn follow-up of 22 years and an average follow-up of about 19.6 years after
factoring in sample attrition while a 25 year study would provide up to 32 years of cataract documentation.
These values were applied to the risk estimates (e.g., 19.6 yr x 0.005 (PY-Gy)-1) in modeling the radiation risk.
We applied the risk estimates to 5,000, 10,000 or 15,000 persons, using the dose distributions shown in the
original version of Table 4. The assumptions and procedures for estimating the spontaneous prevalence and
incidence of PSCs and for other aspects of the model are given on Pages 26-27.

The statistical power calculations were performed using an adaptation of a method proposed by
Nam (1987) to estimate the required sample size for a dose-response function with a binary disease outcome.
When considering the full dose range, we modeled a function in which those >70 ¢cGy had the full coefficient of
risk, while the risk for those below 70 ¢Gy was 1/2 as large per unit dose. (For the dose interval 50-100 ¢Gy
(Table 4), we assumed that half the subjects were <70 and half were >70 ¢Gy.) Since the range <70 cGy is of
primary interest, we also estimated the statistical power for dose-response analyses limited to that dose range.

For the proposed 5-year study (i.e., for a total of 12+ years since exposure), a sample of the
expected results from the simulation of the spontaneous and radiation-induced PSCs is given in Table 3, and the
‘mAIMMnnlxmmwerrwvumﬁamwIpumw)un Table 6. The statistical power was good for analyses over the full dose
range. In particular, if the radiation risk of PSC cataracts is in the range 0.005 to 0.01 (PY-Gy)-1, then the
statistical power was >99% for all three sample sizes considered, viz., 5,000, 10,000 and 15,000. For a radiation
risk of 0.002 (PY-Gy)-! the statistical power was >95% for the two larger sample sizes, but fell to 74% for 5,000
subjects.

2 Sample attrition represents losses to follow-up caused by death, severe disability, out-migration, terminated participation, etc.
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Table 8, The numbers of expected spontancous and radiation induced cataracts by dose range
for selected sample sizes, study lengths, and risk coefficients.

5 Year Study 10 Year Study
N = 5,000 N = 10,000 N = 5,000 N = 10,000
Spont- Radiation Spont- Radiation Spont- Radiation Spont- Radiation
aneous Induced ANeous Induced aneous Induced aneous Induced
Risk Risk Risk Risk 1 Risk Risk Risk | Risk
Dose Coeft* | Coeft* Coeff* | Coeff* Coeff? | Coeft? Coeff* | Coeff
Range
(cGiy) 0.0005 | 0.03 0.005 (.03 0.005 0.03 0.005 0.03
< 5* 34.0 0.9 53 67 1.8 11.0 61 1.5 8.8 122 2.9 18
5-10* 8.4 0.6 33 17 1 1.1 6.6 15 0.9 5.5 30 1.8 11
10-25* 34.0 5.1 31.0 67 | 100 62.0 61 8.6 52.0 122 17.0 103
25-50* 50.0 17.0 EW') 101 1 33.0 198.0 91 28.0 166.0 182 §55.0 331
50-100* 29.0 25.0 150.0 59 50.0 300.0 53 42.0 251.0 106 84.0 501
> 100* 13.0 29.0 1720 | 25 57.0 344.0 23 48.0 287.0 46 96.0 574
Total 168 77 461 | 335 |54 922 304 128 769 608 256 1,538

4 -y N - . ~

# The risk coefficients are absolute excess risk per person-year per Gy.

* For those under a dose of 70 ¢Gy the risk coefficient applied was only one-half the nominal value to simulate a
low-dose recuction factor of 2.

Table 6. Estimates of the statistical power dose-response analyses for a cataract cohort study, for
various sample sizes, study lengths, and risk coefficients.

Cataract 5 Year Study 15 Year Study 25 Year Study

Risk N = N = N = N = N = N = N = N = N =
Coeff # 5,000 10,000 15,000 5,000 10,000 15,000 5,000 10,000 15,000

rrr AV 2 LN\Z A —
FULL DOSE RANGE '

0.002 % 74 05 99 %9 99 99 92 99 99
0.005 # 99 099 99 29 09 99 99 99 99
0.01 *# 99 99 99 99 99 99 [T 99 99
0.03 # 99 99 99 99 99 99 99 99 99

DOSE <70 cGy "

0.002 % 17 30 42 24 ‘ 43 59 26 46 63
0.005 % 65 91 98 83 98 99 87 99 ] 99
0.01 7 98 99 99 99 99 99 99 99 ‘ 99
0.03 7 99 99 99 99 99 99 99 99 99

# The risk coefficients are absolute excess risk per person - year per Gy.
Because a low dose reduction factor of 2 was incorporated, the risk coefficients for doses <70 ¢Gy were actually
half as large as the nominal ones stated here.
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The statistical power for the dose range <70 ¢Gy in the proposed study was variable (Table 6).
(Mote that the risks actually being modeled in these analyses were only half the nominal values, due to the low-
dose reduction factor of 2). For all the sample sizes considered and all the lengths of study, the statistical power
was good if the radiation risk was at least 0.005 (PY-Gy)-1, except for the a 5-year study with a risk of 0.005
(PY-Gy)-l. However, if the radiation risk coefficient is only 0.002 (PY-Gy)-! (i.e., the projected risk with a
low-dose reduction factor is only 0.001 (PY-Gy)-1), then the statistical power over the dose range <70 ¢Gy
would not be adequate. It is noteworthy, however, that if the actual risk level is only slightly higher, namely,
0.002 (PY-Gy)~1 rather than 0.001 (PYGy)-1, then the statistical power with 10,000 subjects becomes more
acceptable - 60% for a 5-year study or 79% for a 15-year study. By way of contrast, a 5,000 subject study does
not reach acceptable levels of statistical power (35% and 50% for a S-year or 15-year study respectively). This
leads us to conclude that a sample size of 5,000 subjects is inadequate, and that the study should include at least
10,000 liquidators, so that, if the radiation risk at lower dose levels should prove to be as low as an excess of
0.002 per Gy per year, we still would have a reasonable prospect of detecting the risk.

Epidemiologic Questionnaire: As part of the overall Ukrainian effort, a complete personal history,
including activities during and after their Chernobyl exposure as well as health and occupational information, is
available on all subjects involved in the Chernobyl follow-up. In addition a risk factor questionnaire will be
administered to the study subjects to obtain information on various types of exposures they may have had in the
past. This questionnaire will be modeled after one used by the National Cancer Institute [Health Habits and
History Questionnaire; Diet History and Other Risk Factors] which is currently being adapted to the culture
(e.g., common foods) of Ukraine. An occupational history will be taken, as well as a list of types of exposures
or industries in which certain genotoxic exposures are likely. The list will include exposures to organic solvents
(e.g., benzene, trichloroethylene), tar or combustion derivatives (exposure to polycyclic aromatic hydrocarbons),
Almkmms«wmdw'th Information will be obtained on the amount of ultraviolet exposure (Hiller et al., 1983;
Italian American Cataract Study Group, 1991), including both occupational and recreational. Smoking
(Christen et al., 1992; Klein et al., 1992) and alcohol consumption (Ritter et al., 1993) will also be assessed. A
dietary history instrument will be included, oriented toward assessing dietary (and diet supplements) of
antioxidant micronutrients including Vitamin E, Vitamin C and carotenoids, as several studies have found these
to be protective against cataracts (Italian American Cataract Study Group, 1991; Jacques and Chylack, 1991;
Hankinson et al., 1992; Leske et al., 1992).

o

The questionnaire on lifestyle factors (smoking, alcohol, ultraviolet light (UV) exposure), medical
exposures and dietary factors will be pilot tested and revised as needed. It is important to account for possible
UV contributions to cataract development. Although most of the cohort will have similar UV histories the
possibility of behavioral or occupational modulation of the median exposure will be addressed in the survey. As
regards diet questionnaires used in other studies in the F.5.U. (e.g., by Dr. D. G. Zaridze, Russia) will be
solicited as models, to help ensure that the principal foods are captured in the questionnaire. However, for the
most part a culture-corrected version of the Health Habits and History Questionnaire; Diet History and Other
Risk Factors (version 3) developed by the National Cancer Institute will be the backbone of the survey.

Because obtaining a thorough set on all these risk factors would take a great deal of interviewing
time it is not feasible to do for all 12,000 study subjects. We, therefore, propose that we will administer an
abbreviated questionnaire (e.g., only about 50 dietary items and a limited set of questions on U.V. and
occupational exposures) to all subjects. We will then administer a more extensive questionnaire to subjects with
Stage 1+ cataracts or greater and to a set of matched controls. Two time-matched controls will be selected per
case matched on age and sex (Lubin and Gail, 1984; Robins et al., 1986). The dosimetric estimates will also be
carefully exarnined for these subjects and refined as much as possible. The interviewers and dosimetrists doing
the case control work will be blinded as to case control status, so as to prevent an inadvertent biasing of the
data.
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The cohort study subjects will be group-matched on age across the dose range, so as to maximize
the validity of the dose-response comparisons. Careful assessment will be made to exclude from enrollment
those who suffer from one of a number of potent risk factors for cataracts which could complicate radiatic

cataract assessment. They fall under several categories

Intraocular diseases:
Uveitis/inflammations, glaucoma, retinal detachment, retinal degenerations (retinitis pigmentosa, gyrate
atrophy), persistent hyperplastic primary vitreous, aniridia, Peter’s anomaly, sclerocornea,
microphthalmia, Norrie's, retinoblastoma, Retrolental fibroplasia, high myopia, retinal anoxia
(Buerger’s, Takayasu’s pulseless disease), anterior segment necrosis.
Systemic diseases:
a. Metabolic disorders:
Diabetes, galactosemia, hypoparathyroidism/hypocalcemia, Lowe’s, Albright’s, Wilson's, Fabry'’s,
Juﬁmwughmwmwmnmmu
b. Skin diseases:
Congenital ectodermal dysplasia, Werner’s, Rothmunf-Thomson, atopic dermatitis
¢. Connective tissue/skeletal disorders:
Myotonic dystrophy, Conradi’s, bone dysplasias, dislocated lenses
d. Renal diseases:
Low’s, Alport’s
¢. Central nervous system:
Marinesco’s, Sjogren’s bilateral acoustic neuroma (neurofibromatosis II)

Drugs:
Steroids, naphthalene, triparanol, ouabain, ergot, chlorpromazine, thallium, dinitrophenol, DMSQO,
psoralen, miotics, paradichlorobenzene, selenium.

If, one of these factors come into play during the course of the study, for example if a Liquidator
develops diabetes, that individual will be carried along in the study, but will be flagged and may have to be
analyzed as a separate stratum or deleted from selected analyses. Liquidators with some presenile or congenital
lens changes which are not located in the PSC area or which do not interfere with visualization of that region,
will not be disqualified from enrollment.

Every effort will be extended to keep the participation rate high in the study. Since the Ligquidator
clinics at which the examinations will be performed provide certain medical benefits, there should be incentive
for them to continue their participation. We will carefully monitor the participation rates to prevent their

varying by dose; if they do begin to do so, extra measures will be instituted to help equalize the rates.

—

A comprehensive plan for the management of the logistics and the data will be developed at the
study outset. A computerized database will be developed to keep track of the addresses and most recent clinic
visits of study subjects, so that reminders and other follow-up procedures can be instituted as needed. The
results of the visual examinations will also be compute 1. These databases will be maintained at the USCRM
mmkwﬂmwwm%mmuMlMuf

pervision.
Quality control procedures for data collection, coding and computer

7

Likhtaryov and at the ERERL of Columbia University under the PI's su

zation will be put in place at the inception
of the study. Data quality will be monitored by the Ukrainian team leaders and Dr.'s Wu and Medvedovsky of
the ERERL.

tioned above, quality control procedures for the ophthalmological examinations, and

As men
es, are of critical importance. To this end, initial training and periodic re-

especially for defining opaciti
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examination of a sample of subjects will be undertaken by Dr. Medvedovsky and/or Dr. Sergienko. As much as
possible, examiners will be kept blinded as to the dose received by individual workers. A photo-slitlamp will be
used to obtain photo-documentation of cases diagnosed as having posterior subcapsular opacities, as well as a
representative sample of 10% of the subjects. This will permit re-scoring of the opacities using other
standardized methods and will also enable us to assess false-positive and false-negative screening rates.

Statistical Methods

Preliminary analyses will be conducted to determine whether any of the lifestyle-medical-dietary
variables are confounders of the radiation-cataract association. Any that are found to alter the association by at
least 10% will be included as confounders in the analyses. The main analyses will evaluate the dose-response
relation between radiation and cataract occurrence, controlling for age and any confounder variables. The
analyses will use a Poisson regression approach similar to the one used to study cancer mortality/incidence in
g. Shimizu et al., 1990; Thompson et al., 19 However, since this study will

e

the Japanese A-bomb study (e

obtain both prevalence and incidence data, the methods will be modified to accommodate this feature, as was
done in the I@memlK]LPl%cuwwnmp,almb/;mumnnuug1o1mmthOMxﬁMhautamd ﬂwnTnIlmwupMmmms(umewmmSﬁn:Mu

The shape of the dose-response curve will be evaluated. Two alternative hypotheses are that there is a
dose threshold at about 70 ¢Gy (as suggested by Otake and Schull 1990), which would imply a deterministic
effect for cataract induction, or that there is no dose threshold and that the dose-response curve is essentially
linear down to low doses, implying that radiation-induced cataract is a stochastic effect. A linear trend can be
modelled using the mean dose in each dose group, while a threshold can be modelled by assigning zero to all
dose groups below 70 ¢Gy and the mean doses for each dose group 70 ¢Gy. One way of comparing these is to
determine which gives a better fit to the data (i.e., has the smaller deviance). Another approach that is
sometimes illuminating is to fit the linear function and the threshold function separately, then to fit both
functions together. By comparing the difference in deviances for the nested models one can thereby determine
whether the linear function accounts for significant deviance above and beyond the threshold function and vice
versa. If, for instance the addition of a linear function to the threshold function provides a significantly better fit
than the threshold function alone, this would be persuasive evidence for a non-threshold model. Or, if the
opposite were true, it would be persuasive evidence for a threshold model,

ASSUMPTIONS AND METHODS FOR THE ANALYSIS OF STATISTICAL POWER

LY il

In order to have a realistic model of the expected frequency of "spontaneous" cataracts, several
parameters need to be estimated: the prevalence and incidence of spontaneous cataracts at various ages,, the age
distribution of the liquidators at the time of exposure, the losses-to-follow-up over time, and the resulting
person-years-at-risk staged over time according to age. Analyses will also be conducted according to age at
exposure, time since exposure (or attained age at risk), degree of dose protraction?, and severity of the lenticular
opacity.

Age distribution: The age distribution of the liquidators at the time of the Chernobyl accident is shown
for a sample of highly exposed workers in text Table 3. Because we suspect that the ages shown there are
somewhat older than those for the Liquidator population as a whole, a slightly younger age distribution was
used in the calculations. For the age categories in text Table 3, the percents we assumed were: age 18-22 5%,

23-30 15%, 31-40 35%, 40-55 43%, over 55 2%.

3 Some of the workers received most of their dose in a single acute (<60 seconds) while others received theirs over weeks or months.
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Freguency of Spontaneous Cataracts: Since ionizing radiation exposure is associated primarily with
Kmﬂmmm'WMMwmnﬂ'mmMMAiﬂﬁmhLVN;mmthuﬂmumhmnonthﬁpmeMmmwm'mMMmMW(ﬁWMMk:m
relation to age and sex. Only three studies could be found that provide reasonably detailed data on PSC
Km%ﬂkmmammhmmw@m)b(ummkmm*fﬁmwwwmeﬂmﬁ%mnm@anﬁwﬂHWhmmwmwaL 1980; Leibowitz et
al., 1980; Sperduto et al., 1984), the Maryland Watermen Study (Adamsons et al., 1991) and the Beaver Dam
‘Wmh1Wﬂmmv“dl‘HW@$ lhedwﬂumwmmm]hm,pwwﬂenmwmmwmnphuwﬁcwvw‘mwm:Mm<WMWMMM
inconsistent across studies, so we used the combined-sex data in order to have more stable estimates. A
summary of the age-specific prevalence proportions from these studies is shown in Table 7 (below). The
criteria for PSCs were apparently different in the Watermen study (Adamsons et al., 1991) from those in the
other two studies, since the proportions were lower in the Watermen study. %nm:lm=mmmJWI0‘pwnwm@
evaluated in the Watermen study was small, we relied mainly on the rates from the other two studies. The PSC
prevalence proportions used for age-at-examination were: age <23 0.3%, 23- 30 1%, 31-40 1.6%, 40-55 3.5%,
55-64 8%, 65-74 17%.

>

No data were found on PSC incidence4 However, methods exist to estimate age-specific incidence
when one has the prevalence of a disease at various ages. An approximate method is given in reference (Podgor
et al., 1983), namely,

L= Py - P/ ((1-P)+Y)

whmﬂ?h&wwm%ﬂmﬂﬁmwmwhnmf mmummmLWamMﬁnaMmm-mwﬂmuwmmm”mmmwm
«th o~ ‘
J“amdy+1 mw=mmwvdm.mm1Yn=]wrmmeqodv@msunﬂmq interval.

Further technic ﬂ‘mmmﬂh.and‘dwmmnpnmnn.&m=pw»em1rlPTwhumlmtdﬂ (1983). Using this formula we
estimated yearly incidence rates of PSC occurrence for the various ages 31-40 0.06%, 40-55 0.17%, 55-64
0.68%, 65-74 1.0%. An arbitrary incidence rate of 0.05% for ag 30 was used, because no data were
available for making an estimate.

Table 7: Prevalence of Posterior Subcapsular Cataracts (PSCs) by Age

Age - PSCs/No. Subjects % Study
|

30-38 2/204 1.0 Watermen
40-49 0/145 0 Watermen
43-54 ~24/1520 1.6 Beaver Dam
50-59 3/166 1.8 Watermen
52-64 50/1214 4.1 Framingham
60-69 6/177 3.4 Watermen
65-74 757715 10.5 Framingham
70-79 | 37105 2.9 Watermen
75-85 | 61/310 19.7 Framingham
75-84 ~115/807 14.3 Beaver Dam
80 + 0/36 0 Watermen

4 Prevalence represents the proportions of persons with a disease at a given time, as might be fc found by a screening examination.
MMMMNWMMMMWMEMMMMWWMWMHWmmmmwﬂmmwmmwﬂmﬁmm@mmmMMMMmemmmwd
series of repeated screenings. The incidence rate is virtually always lower than the prevalence.
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To simplify calculations, we assumed that the persons in each age-at-exposure interval, as shown in
Table 2, were at the midpoint age of the interval and that our initial screening will occur 8+ years after the
exposure. We assumed the examination in year one was a prevalence screening, so that the age-specific
prevalence rates applied to it, while all subsequent yearly examinations were incidence screenings so that age-
specific incidence rates apply to these.

We assumed that attrition due to death, migration, termination of participation, etc. would be 30% by the
end of a 15-year study. (Note, migration rates are quite low in the Ukraine, other than for the relocation that
occurred due to Chernobyl, so this will be much less of a problem than it is in studies in the U.S.) We modeled
the attrition by assuming that 70% would still be under follow-up at the end of 15 years, so we could calculate
the average percent still under study for any arbitrary range of years. Under this assumption there would be an
89% follow-up rate after 5 years and a 55% follow-up after 25 years. These estimates are supported by the data
in Table 8 (below) from long-term studies of cardiovascular disease in 40 - 59 year old male Kievites (Kwasha,
1987; Smirnova et al., 1990; Kwasha et al., 1994).

Table 8: Attrition Percentages From a Long-term Study of Cardiovascular Disease in Male Kievites

Duration Percentage

(Years) Mortality %kmnlmuu1]mmmm;buwvhum3L Participating Survivors
5 7.1 6.6 86.3
10 16.3 10.5 73.2
15 21.3 12.7 66.0

Although not radiation related the data suggests ﬂuM:mm:Gmm;mﬂimmmmatwmwmPdphﬂrxmmﬁwipadnn‘ﬁM'a
number of reasons. Many of the individuals were skewed to the young to middle age group so that mortality is
not likely to be as large a factor. Also many liquidators, receive pensions for their Chernobyl service and must
be available for periodic examination. Finally, personal concern about potential medical problems arising from
their exposure provides additional motivation.

For the radiation-induced PSC cataracts, it is not clear whether a relative risk model or an absolute risk
model is more appropriate. We used an excess absolute risk model since absolute risk coefficients were
dﬁﬁwﬂbm“fhmmm&mypnﬂhmdn&wy(WuﬂTwﬁndl;mnudﬂumndmmrm&mmeasrehﬁnm*n isks were not. We assumed a
constant excess rate per year. In effect, we assumed that the initial screening examination, occurring 8-9 years
after the mhﬁmmewwmuw'WWMddMﬁrJMWWMmN%JhMhml%W?mehhmmpﬂwEUM/UBwam%m%ﬂ&
subsequent screenings would each detect an extra two year's worth of radiation-induced cataracts, out to 12 -
13years for our initial 5-year study, to 22-23 years for a 15-year study, or to 32-33 years for a 25-year study.
Modeling was performed using several different absolute risk coefficients - 0.0002, 0.0005, 0.001 per 10 years -
in order to cover the range of plausible risks. The rationale for the coefficients is given in the text of the
proposal.
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I, OPHTHALMIC FOLLOW-UP: DESIGN AND PROTOCOL

Management and Oversight Personnel (Pages for biographical data in parentheses)
asil V. Worgul, Ph.D. - P.L. ages 34-35)

Basil V. Worgul, Ph.D. - P.I (Pages 34-35)

Nikolai Sergienko, M.D. - CoP.I.  (Pages 51-52)

Cecily Medvedovsky, M.D., Ph.D.  (Pages 45-46)

George Parkhomenko, ].‘vl..][_l'. (Page 47)
Andre Ruban, M.D. ( Page 48)
Bin Wu, M.D. (Page 54)

As described in the Organizational Structure (page 8) all seven centers are equipped for eye
examinations including slitlamp biomicroscopy. Acad. Sergienko, Dr. Parkhomenko and Dr. Ruban - all of
whom have been trained to evaluate radiation cataracts, both subjectively and by means of quantitative
Scheimpflug and retro-illumination imaging, - will screen potential examiners. Two ophthalmologists from

each site will be selected. The Drs. Worgul, Medvedovsky, Parkhomenko and Ruban will offer a 10 day
training program to the 14 ophthalmologists. The program is designed to: provide the 'pu'au(:nhn:l(}».m::.l‘s, with
information on the nuances of the radiation cataractogenesis, to familiarize them with the early biomicroscope
picture of the pathology and to instruct them on properly filling out the Eye and Lens Examination forms. The
program will include lectures, required reading, hands-on practicals and practice sessions. Only when there is
consistent concordance between the instructors and the trainee on: detecting (and properly describing) early
lens changes, the correct assignation of stage 1+ cataracts and accurate opacity localization will that
ophthalmologist be enlisted into the program. Following the course, the instructors will then travel to each of
the centers to assess the proficiency of the trainees in their actual work environments and to recommend
changes in the facilities which may be necessary to improve efficiency. Once underway, the US co rmt‘l]rmnf'Jrlt wwn]U
schedule 3 site-visits per year and the members of the CEM will conduct occasional, unannounced, visits to
assure maximum oversight.

2SS 1

Standardized forms (see Appendices II and III: pages 62-73) will be used by all the study examiners.
The forms will be provided as multisheet carbons- with a Ukrainian top page matched in register with an
English bottom sheet. The forms will be slightly modified from the current version to permit optical scanning
of the inputted data. Both the upper and the lower sheets will be scan forms. On a biweekly basis, the centers
will forward the completed forms to the CEM where Drs. Parkhomenko and Ruban who will review the
submissions for corpleteness. If the data is found to be properly entered, the English second sheets, will be
sent to the ERERL for data entry. If the forms are incomplete or incorrect, the examiners will be contacted for
remedial action and if necessary will be reevaluated.

[ @)

Prof. Likhtaryov and Dr. Chumak will select potential candidates for the cohort study. The cohort will
be derived primarily from the USCRM registry for whom there exists primary dose records. The initial list will
reflect the dose distribution required (see Table 4, page 20) and will include: 1) the 3000 individuals already
processed retrospectively, 2) those whose dose records, while unconfirmed, are given high credibility based on
the criteria detailed on page 17, 3) individuals whose cataract status is unknown, or suspected, by members of

the research team. For those without retrospective confirmation, the presumed doses will be used only to
generate the initial list. The USCRM will prioritize the retrospective assessment for that portion of the cohort.

Once prospective candidates on selected on the basis of dose they will then be group matched on age and
screened for complicating pathologies as detailed in Quality Control and Study Management (page 24). Drs.
Chumak and Vitte will contact the patients and organize scheduling for the eye examinations. ‘(.)lrl ly the
necessary contact data and personal medical profiles, if available, will be transmitted to examiners. The

examiners will not receive information on doses or the circurnstances of the individuals’ Chernobyl activity.

Page 28



UACOS

lbﬁmﬂnakh$ﬂﬂﬁmﬂmhlﬂﬂ

After a standard ophthalmological work-up (see Eye Forms, Appendix I1I, pages 68-72) a mydriatic will be
used to obtain maximum pupil dilatation (>5 mm) for lens examination. The study depends on the reliable
identification of early lens changes in the posterior subcapsular (PSC) region of the lens. The emphasis is on
detection rather than quantification of cataract. This strategy recognizes that given the relatively low dose range
to be studied the cataracts which develop are not likely to become severe and in many cases may not be
progressive (see Merriam and Focht, 1957). The goals are to establish absolute risk estimates for cataract
induction in humans and to address the possibility that radiogenic cataracts are not deterministic. As such much
depends on the criteria we choose to define the endpoint, cataract.

Early lens changes: Typically one of the earliest clinical expressions of radiation exposure of the lens
is the appearance of a “polychromatic sheen” or “beaten brass” look to the posterior capsule (see Worgul and
Merriam, 1983). This proved to be a problem in the study by Day and his associates (Eller et al, 1993; Day et
&ﬂ,.mﬂnnumﬂd)<ﬂndlﬂdﬂ11rﬂ$kﬁnpihlau*w.nmmumnMMMPdthw|hmehmmmobyﬂam&uLAn t because the Lens Opacity
Classification System (LOCS) III they were using does not have provision for the sheen. In our study we will
score it as one of three possible early, or precataractous, lens changes. The others are the equally common
although sometimes transient dots or vacuoles in the PSC or posterior superficial cortex. In our experience with
radiation cataract development, generally when more than 10 dots or 5 vacuoles are present they are not likely
to be transient so we have provided for distinguishing between such aberrations in the lenses.

Therefore the Lens Forms (Appendix II, pages 63-67) provide for three possibilities in scoring early
lems changes:

1. A polychromatic sheen associated with the posterior capsule.
2. Individual (non aggregated) dots which number fewer than 10.

3. Individual vacuoles numbering fewer than 5.

Although the hmhcmwmwrukummcw"mdﬂ<mmmmrhnﬂmeIﬁycwmwﬂommmmmeisaﬂwwmmmﬂh&xmmmﬂhﬂﬂywwfdkms(m
vacuoles occurring elsewhere in an otherwise unremarkable lens. Therefore for completeness the scorer is
asked to localize the observed changes as: anterior, posterior, equatorial and supranuclear. The scan forms to
be used by the practitioner have provision for binary responses to each.

Cataract Scoring: While not pathognomonic, radiation cataracts develop in a characteristic, sequential
fashion. The sequela is so predictable that it has served as the basis of the Merriam/Focht (1962) semi-
quantitative scoring technique. Because it was specifically designed for gauging radiation cataract and its
inherently unambiguous nature, a myriad of modified versions of the method have employed by a number of
laboratories.

te opacity which can take the form of a small spot readily discernible
; aggregates of dots (>10) or vacuoles (>5), cortical spokes,

d opacities. The scorer must record the location as described

Stage 1+: Disc
with retroilluminated 1
waterc or granulate
above,

Stage 2+. More extensive cortical changes collectively occupying approximately 25% of

mm'nanﬂdmwm011helwnahnwmmwkedkwhmMnulmmmm'ﬂmm1”S“blwnmvowwmial Stage 1.5+ or
2.5+, respectively, is scored. For the “x.5” stages the scan forms provide “comment”

mﬂwPMMAmwummmmmw?wnhmﬁMngﬁﬂlmmmyfumdmg
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Stage 3+. Advanced changes. Light does not reach vitreous.

Stage 4+. Premature cataract. Near-total lens opacification. In some areas it is possible to see the
nucleus or posterior cortex of the lens.

Stage §+. Mature cataract. Total lens opacification.

The scoring method we are using to stage the cataracts incorporates the localizations as described for the
early lens changes. Previous data by Merriam and Focht (1957) lead us to conclude that, because of the low-
dose nature of the study and the relative youth of the population we will be monitoring, radiogenic cataracts
beyond the 1-2+ stage will not be encountered. Nonetheless, the later stages are presented for completeness.
The study is designed so that cataract onset is defined by the 1+ stage which will be the common endpoint
used to determine risk. Although that juncture will be the critical cataract data point as regards risk analyses,
the patient will remain in the cohort and continue to be followed for the remainder of the study. Once that
definitive stage is reached every effort will be made to have the liquidator brought to the IOH’s Liquidator
Ophthalmologic Facility in Kiev for Photo-documentation of the cataract. The aim is to obtain standard color
slides and retroillumination photographs for the purpose of assessing other scoring modalities such as the LOCS
Il and Wilmer methods as well as immortalizing the clinical picture.

The photo-documentation will use a standard set of parameters to obtain images as consistent as
possible. These conventions are used currently by the ERERL in its clinical studies. In the case of the Oxford
system, eight pictures each eye (OD and OS) will be taken with the mid focal plane positioned anteriorly and
lhmpmMmmwﬁhmmmMMmkmM@mhwmeHwakmmmmprMNmMMmmmﬂm)mmMWMHHMWM

OXFORD RETROILLUMINATION CAMERA
Film Type Tri-X-400
Lens Aperture 5.6
Photography 4 images - OD Anterior
(all extraneous lights off) 4 images - OD Posterior
(note filmback numbers) 4 images - OS Anterior
4 images - OS Posterior

TOPCON SL6E - PHOTO SLITLAMP

Ektachrome 200 (ASA) Color

Film Type

Flash Intensity 5
Magnificati 16x
Slit Height Slightly larger than pupil diameter

Slit Width 0.3 - 0.4 mm

Viewing Angle

45° Temporal to each eye

Carnera Position

90°

Focus

On nucleus with the Purkinji i

image in the AC

Photography

4 images - OD

(all extraneous lights off)

4 images - OS
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If from the Kiev area, the patient may be included in the quantitative cataract study which has already

begun. That investigation currently focuses on following the development of opacification, once initiated, in

high dose Liquidators and is meant to elucidate the “natural history” of cataracts arising from radiation.

Although we do not expect the opacities in the cohort to extend beyond the 1-2+ stage, as our experimental

studies have shown (Wu et al., 1994), the state-of-the-art instrumentation may, reveal progressive changes in
transparency which are too subtle to be resolved by any of the standard subjective methods.

The experience with experimental radiation cataract is that if both eyes receive the same dose the latent
period (time between exposure and onset) is similar for cataract appearance. In the case of the Liquidators we
will assume that although the radiation sources produced highly anisotropic fields, the routine activity of the
individual would allow for both eyes to receive approximately equal total 4.luus.e:s,‘, Only in those cases of
extremely acute, high dose-rate exposures might this assumption not hold. In any case both eyes will be
analyzed and only when the second reaches the required 1+ stage will the individual become a potential
candidate for inclusion in the on-going quantitative assessment.

N o

The various components of the study will proceed as defined in the Project Timeline/Milestones section on
page 32. We anticipate initiating data acquisition in the latter part year one and completing the first round of
examinations for half the cohort one year after that. By emphasizing those liquidators who have had some form
of retrospective dosimetry in that group we should be able to begin analyzing the results :’lﬁ,:’liil‘t'i!‘[ dose. At that
point we should have sufficient experience to judge the study’s likelihood of achieving its aims.
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Project Timeline / Milestones

During the first year we will:

» Organize, and task, the various components of the study

v Identify, train and test the examiners

o Site-certify the examination centers

o Convert to scan format, print, and distribute the current examination forms
o Complete the questionnaire development

o Select potential candidates and initiate contacts

o  Setup hardware/software for scan entry of eye examination data

o Initiate retrospective dosimetry on potential candidates who lack it

o Link the necessary databases for the eve cohort

o  Begin cohort study
o Develop nested case-control study
Year 2:
o  First examinations completed for half the cohort (6000 liquidators)

» Retrospective dosimetry continues

v Database tweaking

»  Preliminary cohort data analyses

» Implement case-control study logistics
v Begin case-control study

v Program assessment

Year 3:
o  First examinations completed for the entire cohort (12,000) liquidators
o Data analyzed for those with reliable dosimetry
o Preliminary cohort data analyses
o  Retrospective dosimetry continues

Year 4:
o  Second round of examinations completed for half the cohort
o Data analyzed for those with reliable dosimetry
o Preliminary case-control data analyses
o Retrospective dosimetry continues

Year 5:

o Second round of examinations completed for the entire cohort
o First round of retrospective dosimetry completed for the eye cohort
o Data analyses

Program assessment

Years 6 - 25

o Continue biennial examinations of cohort
Continue case control study
o Update analyses and provide progress reports
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ESPONSIBILITIES AND REQUIREMENTS.

Ulkrainian Contribution. The Ministry of Health will support the Ukrainian side of the effort. This
includes the establishment of the ¢linic for the ophthalmological follow-up of the population, the involvement of
the six remote regional polyclinics integrated into the clinic in Kiev, the commitment of personnel to conduct
the follow-up, and support for the institutes involved in the data acquisition and analysis in Ukraine. Because of
a prohibitively skewed exchange rate, the acquisition of items which require foreign currency will fall mainly to
the American side of the effort.

The United States Commitment. The United States contingent requires support for the staff of the Eye
Radiation and Environmental Research Laboratory (ERERL) to oversee the program, to initiate a study on a
United States control group, to analyze the data, and to establish a database for ready reference. Dr. Roy Shore,
who will oversee the epidemiological effort, will also require support.

In order to undertake the major cohort study which we have outlined in this proposal a significant
commitment on the part of the United States is required. The monies will be primarily for the salary support of
Dr.'s Worgul, Medvedovsky, Shore, an investigator to conduct ophthalmological validation assays and one full
time equivalent data specialist for data entry and database maintenance. The extensive and intensive nature of
the study will require relatively frequent travel by some component of the American contingent for site visiting
and progress assessment. Therefore, travel and communications will also represent a significant cost category.
Because we will encourage photo documentation of cataracts from the population, photographic supplies, and
developing costs are expected to be significant. We feel that, at a minimum, the Kiev Clinic (which will see
about 50% of all the Liquidators) should be supplied with a modern Photo-slitlamp for cataract documentation
and the possibility of independent analyses. For the purposes of reporting and record updating some secretarial
assistance will also be required.
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1974 - 1975 Staff Associate, Dept. Ophthalmology, Columbia University.
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Layton, D.W., Aspaugh, L.R., Bogen, K.T. and Straume, T. (1993) Risk assessment of soil-based exposures
10 plutonium at experimental sites located on the Nevada test site and adjoining areas. In: Pilor Study Risk
Assessment for Selected Problems at the Nevada Test Site (NTS). JI1. Daniels, Ed., Lawrence Livermore
National Laboratory, Livermore, CA, UCRL-LR-113891, pp. 19-67.
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Baccalaureate leve! provided they contribute In a substantive way to the scientific development or execution ol the projecy. Include present membership on
any Federal Govemment public advisory commitiee. List, in ehronolopical order, the titles, all authors, and w:::)lﬂq:"h_iz‘lt; references to all publications during the
past three years and to representative sarlier publications perinent to this application. l the fist of publications in the last three years exceeds two pages,
select the most pertinent publications. DO NOT EXCEED TWO PAGES.

P

Previous employment

1962 - 1965 Graduate Assistant, Department of Atomic Physics, University Paul-Sabatier, Toulouse,
France. '

1965 - 1966 Exchange Student, National Atomospheric and Oceanic Administration, Silver Spring, MD.

1967 - 1970 Graduate Assistant, Department of Atomic Physics, University Paul-Sabatier, Toulouse,
France.

1970 - 1972 Scientific Secretary, United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), New York, NY, and consultant to that organization from 1973 to date.

1972 - 1984 Assistant to the Director of Protection at the French Atomic Energy Cormumission, Fontenay-

aux-Roses, France (following promotions from physicist to Group Chief and to Deputy
Director of a Division).

1984 - 1992 Expert, Radiation Effects Branch of the National Cancer Institute (NCI), Bethesda, MD.
1992 - Date Senior Radiation Physicist, Radiation Effects Branch of the National Cancer Institute (NCI),

Bethesda, MD.

Experience and honors.

Consultant, United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)

Member, Committee 2 of the International Commission on Radiological Protection (ICRP).

Team Leader, International Chernobyl project of the International Atomic Energy Agency (IAEA).

Member, Working groups 7.1 and 7.2 of the US-USSR Joint Coordinating Committee on Civilian Nuclear
Reactor Safety.

Member, Committee on an Assessment of CDC Radiation Studies of the National Research Council (NRC).

Member, National Council on Radiation Protection and Measurements (NCRP); chairman, Scientific
Commitiee 87-16 and member of Scientific Committees 1-5, 64-16 and 84-1.

Member, NCI Site Review Committee for University of Utah Contract for Epidemiology Studies.

Member, Dose Evaluation and Risk Assessment Advisory Panel (State of 1daho, Department of Health and
Welfare). ‘

Chevalier, Ordre des Palmes Academiques, France.
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Recent publications

Bouville, A., Dreicer, M., Beck, H.L., and Wachholz, B.W. (1988). Assessment of lodine-131 transfer to
cow’s milk and to man resulting from the Nevada weapons tests of the 1950’s. Seventh International Congress
of the IRPA. Radiation Protection Practice, pp. 1387-1390. Pergamon Press.

Bouville, A. and Lowder, W.M.(1988). Human population exposure to cosmic radiation. Radiation
Protection Dosimetry 24(1/4): 293-299.

Bennett, B.G. and Bouville, A. (1988). Radiation doses in counties of the Northern Hemisphere from the
Chernoby] nuclear reactor accident. Environment International. 14:75-82.

Bouville, A. (1989). L’approche de la gestion du risque radon dans les habitations aux Etats-Unis.
Radioprection 24:329-339.

Bouville, A., Dreicer, M., Bech, H.L., Hoecher, HW. and Wachholz, B.'W. (1990). Models of radioiodine
transport to populations within the continental U.8. Health Physics 59:659-668.

Dreicer, M., Bouville, A. and Wachholz, B.W. 1(‘2[!:?!:%))., Pasture practices, milk distribution, and consumption
in the continental U.8. in the 1950s. Health Physics. 59:627-636.

Beck, H., Helfer LK., Bouville, A. and Dreicer, M. (1990). Estimates of fallout in the continental U.S. from
Nevada weapons testing based on gummed-film monitoring data. Health Physics. $9:565-567.

Bouville, A., Dreicer, M and Wachholz, B.W. Assessment of exposure to ™1 in the continental United States
resulting from the Nevada atmospheric nuclear tests. Proceedings of the CEC Seminar on Methods and Codes
for Assessing the '(.A)l‘.l!;ﬁﬂllLli"lm s of Nuclear Acciderts. Arhens, May 7-11, 1990. Commission of the European
Communities report EUR 13013, pages 239-262.

Bouville, A., Dreicer, M. and Wachholz. Assessment of world-wide contamination and doses from the
Chernobyl accident. Proceedings of the International Conference on Nuclear Accidents and the Future of
Energy. Lessons learned from Chemobyl. Paris. April 15-17, 1991. SFEN/SNC report, pages 1/9-206.

Anspaugh, L., Bouville, A., Bennett, B.G. and Wachholz, B.W. Radiation Exposure of the Population. The
International Project. Proceedings of an International Conference. Assessment of Radiological Consequences
and Evaluation of Protective Measures. IAEA, Vienna, Austria, pages 27-31. 1991.
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FF . Principal InvestigatorPrograrn Director (Last, first, middle):

BIOGRAPHICAL SKETCH
Give the following information for the key personne! and consultants and collaborators. Begin with the principal
Investigator/program director. Photocopy this page for pach person.

NAME POSITION TITLE
Chumak, Vadim V. Senior Scientist
EDUCATION (Begin with baccalaursate or other initial professional ducation, Such &s nursing. and include postdoctoral iraining.)
YEAR !
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Kiev State University MD. ] 1986 Radiophysics
Kiev State University PLD. 1992 Radiobiology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, n chronological onder, previows smploymaent, experience, and
honors. ey personne! include the principal investigator and any other individuals who participate in the swientific development or execution of the project.
Iey personne! typically will include all individuals with doctoral or ather professional degrees, but in some projects will include Individuals at the masters or
baccalauneate leve! provided they contribute iin o substantive way to the scientific development or execution of the project. Include present membership on
ary Federal- Government public advisory committee. List, in chronolkgical order, the titles, nll puthors, and complete references to al publications during the
pist three years mnd to representative pardier publications pertinent to this application. I the list of publications in the last three years exceeds two pages,

3N

select the mbst pertinent pubtlications. DO NOT EXCEED TWQ PAGES.

.

Hygiene, Ukraine.

PUBLICATIONS: (Includes only full papers)

Khrusheh, V.T., Repin, V.8. Chumak, V.V., et al. Characteristics of radionuclide intake by inhalation.
Medical Aspects of the Chernobyl Accident, IAEA Tec. Doc. 516:217-228, 1989,

Chumak, V.V. and Korobeynikov. Spatial and time pattern of dose fields and external doses of
evacuated population. Problems of Radiation Medicine, Kiev, 1991.

Repin, V.8., Chumak, V.V, et al. Radiation aspects of the Chermnobyl accident. Theses Obninsk, 1990.

Chumak, V.V., Likhtaryov, LA, et. al. Formalized questionnaires for reconstruction of external and
internal exposure doses and relevant software. Actual problems of internal exposure dosimetry. Theses,
Gomel, 1989.

Churnak, V.V. Analysis of the effectiveness of usage of various population dose reduction methods in
the near zone of Chernobyl. Assessment of Medical Consequences of the Chernobyl Accident. Theses, Kiev,
1991.

Likhtaryov, LA., Chumack, V.V. and Repin, V.5. Retrospective reconstruction of individua! and
collective external gamma doses of population evacuated after the Chernobyl accident. Health Phys. (In
Press).

Likhtaryov, LA., Chumack, V.V. and Repin, V.5. About the effectiveness of emergency
countermeasures in the 30 km zone at the early phase of the Chernoby! accident. Health Phys. (In Press).
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FF . Principa Investigator/Program Director (Last, first, micdle): Worgul, Basil Viadimir

BIOGRAPHICAL SKETCH

Give the following information Jor the ey personne! and consultants —nd collaborators Begin with the principal
linvestigator/program director. Pholocopy this page Yor each person.

POSITION TITLE
f

EDLUGATION (Begin with baccalaureate or other initial professional education, such 8s nursing, and include postdoctoral training.)
YEAR
CONFERRED

INAME
Kundiev, Yuri IHlych Pro

[€S50r

FIELD OF STUDY
Medicine
Physiology

INSTITUTION AND LOCATION DEGREE
Wedical Tnstitule, Kiev, Ukraine M.D. 1951
Inst. of Labour, Hyg. & Occup. Dis., Kiev, Ukraine  [Ph.D. 1954

Inst. of Labour, Hyg. & QOccup. Dis., Kiev, Ukraine  {Ph.D. 1967 Toxicology
Inst. of Labour, Hyg. & Occup. Dis., Kiev, Ukraine  |[Ph.D. 1969 Occeup. Dis.

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience, and
honors. Key personne! include the principal investigator and any other individuals who participate in the scientific development or execution of the project.
Key personnie! typically will include all individuals with docloral or other professional degrees, but in some projects will include individuals at the masters or
baccalaureate level provided they contribute in a substantive way to the scientific development of exacution of the project. Include present membership on
any Federal Government public advisory comrmnitiee. List, in chronological order, the titles, ll authors, tnd t:{;:rrq;ﬂfele references to all publications during the
past three years and fo representative earlier publications pertinent to this application. 1f the list of publications in the last three years exceeds two pages,
gelec the most pertinent publications. DO NOT EXCEED TWO FAGES.

Junior Sci. Worker, Laboratory of Labour Physiology, Institute of Labour Hygiene and
Occupational Diseases, Kiev, Ukraine

Head, Laboratory of Individual Protective Equipment, Institute of Labour Hygiene and
Occupational Diseases, Kiev, Ukraine

1963-1964 Deputy Director, Institute of Labour Hygiene and Occupational Diseases, Kiev, Ukraine
1964-Present  Director, Institute of Labour Hygiene and Occupational Diseases, Kiev, Ukraine
1965-Present  Chairman, Problem Commission "Scientific Basis of Labour Hygiene and Occupational
Pathology", Ukraine.

1954-1955

1955-1963

1972-Present
1973-Present
1974-Present
1979-Present
1981-Present
1987-Present

1990-Present

Member, WHO Expert Committee on Occupational Health.

Director, WHO Expert Committee on QOccupational Health,

Member, Academy of Medical Sciences of the USSR.

Academician, Academy of Sciences of the Ukraine

Honorary Member, Society of Occupational Health, Poland.

Member, International Scientific Group, "Methods to Assess and Reduce Injury from
Chemical Accidents”.

Academician-Secretary of the Department of Medical Problems, Academy of Sciences of the
Ukraine.

SELECTED PUBLICATIONS
Kundiev, Y.I. (1978) ldentification, measurement and evaluation of airborn contaminants in the working
environment. Intern. Symp."Control of Airborn Pollution in the working environment”. Stockholm, 203-

208

Kundiev, Y.1. (1980) Results and prospects for scientific research on labour hygiene in agriculture in the
USSR. Agr. Med. Rural Health, I:5-9.
Kundiev, Y.1. (1983) Occupational Diseases of Rural Workers, 8 manual (Eds. Y.I. Kundiev, E.P. Krasnyuk),

pp. 262-.

Bochkov, N.P. and Kundiev Y.I. (1985) Chemicals: a possible cause of genetic disorders. Methods for
estimating risk of chemical injury: Human and non-human biota and ecosystems (Eds. V.B. Vouk et.al.),

pp- 343-346. _
Jzmerov, N.F. and Kundiev Y.1. (1986) Nature and health effects of occupational factors. In: Epidemiology of
Occupational Health, pp. 17-42.
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Kundiev, Y.I., Krasnyuk, E.P. and Viter, V. (1986) Specific features of the changes in the health status of
fernale workers exposed to pesticides in greenhouses. Toxicol. Lett., 33:85-89.

Kundiev, Y.1. and Navakatikyan, A.O. (1986) Study of combined effects. Epidemiology on Occupational
Health, pp. 20-22.

Becking, A.C., Piotrowsky, G. and Kundiev, Y.I. (1989) Health assessment and medical response. Methods for
assessing and reducing injury from chemical accidents. Scope 40. IPCS Joint Symp. SGOMSEC 6:46-65.

Kundiev, Y.I. (1989) Actual hygienic problems of agricultural work in the USSR. The First Finnish-Soviet
Symposium on Occupational Health and Safety in Agriculture, 21-25 August, 1989, Helsinki, 1991, pp.
8-13.

Kundiev, Y.1., Chusova, V.N. and Karakashyan, A N. (1990) Health effects of pesticides on female beet-
growers. LaMed. del Lavoro, 6:513-316.

Kundiev, Y.I. and Chernyuk, V.1. (1991) Physiological basis of agricultural machinery optimization, the USSR
experience. Psychosocial factors affecting work in agriculture and forestry. Proc., XI Joint Int. Erg. Symp.,
As, Norway, pp. 16-24.

Kundiev, Y.I. and Grumin, G.T. (1991) Chronotoxicological classification of chemical substance due to their
absorption through the skin. Vestnik Akademii Meditsinskikh, Nauk, pp. 51-54.

Kundiev, Y.I, Krasnyuk, E.P, and Ershova, M.A. (1991) Occupational morbidity in the Ukraine. Vrachebnoye
delo, 10:116-119. - o

Kundiev, Y.1. and Trakhtenberg, 1. M. (1991) Ecologo-hygienic aspects of the problem of heavy metals as
technogenic pollutants. Gigiyena truda 27:3-8.

Kundiev, Y.1. and Dobrovolsky, L.A. (1992) Indoor air quality standards and perspectives of their development
in Ukraine. Quality standards for the indoor environmental scientific and regulatory aspects. Abstracts,
Praha, 27. '

Kundiev, Y.I. (1992) Hazards to male reproduction function in agriculture. A review. Third Intern. Symp.:
Issues in Health, Safety and Agriculture, 10-15 May, 1992, Saskatoon, Canada, 152.

Kundiev, Y.I. and Dobrovolsky, L.A. (1992) Policy, sanitary legislation on indoor air quality in Ukraine.
Indoor climate of buildings. Bratislava, 29-33.

Kundiev, Y.I. (1992) Priority directions of fundamental medico-biol
No. 11-12, pp. 3-7.

Kundiev, Y.1. and Krasnyuk, E.P. (1992) Degenerative-dystrophic spine diseases in agricultural workers.
Abstracts, Int. Symp. Work Related Dis. Prevention and Health Promotion, 27-30 October, 1992, Linz,
Vienna, 30.

Kundiev, ¥.1. (1992) Occupational hygiene of pesticides use in agriculture. General principles of pesticide
poisoning prevention. Health aspects of pesticide use. Collect. of Train. Materials, Moscow, 114-123.

Kundiev, Y.I. and Kagan, Y.5. (1992) Anticholinesterases used in the WUSSR: poisoning, treatment, and
preventive measures. Clinical and Exper. Toxicology of Organophosphates and Carbamates. Oxford e.a.:
Butterworth-Heinemann, Tid., 494-501.

ogical achievements. Vrachebnoye delo.,
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FF ) Principal investigator/Program Director (Last, first, micdlis):

BIOGRAPHICAL SKETCH
Give the foliowing information for the key personnel angd consultants and sollaborators. Begin with the pricipal
investigatorfprogram director. Photocopy this page for each person.

NAME POSITION TITLE
Likhtaryov, Ilia Aronovich Professor
EDUCATION (Begin with baccalauraate or other initial professional education, such as nursing, and include postdoctoral training.)
| YEAR \
INSTITUTION AND LOCATION | DEGREE CONFERRED FIELD OF STUDY

All-Union Moscow Polytechnical Institute diploma 1962 | Physics

engineer

physicist

RESEARGCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, In chronological order, previous employment, experignce, and
honors. Key personnel include the principal investigator and any other individuals whe pa rlicipate in the scientilic development or execution of the project.
ey personne! typically will include all individuals with doctoral or other professional degrees, but in some projects will include individuals at the masters or
baccalaureate fevel provided they contribute in a substantive way 1o the scientific development or execution of the project. Include present membership on
any Federal Government public ndvisery cornmittee. List, in chronological order, the tities, all authors, ang complete references to all publications during the
phst three years and to representative earfier publications pertingnt to this application. #f the list of publications in the last three years exceeds two pages,
gelect the mos! pertinent publications. DO NOT EXCEED TWO PAGES.

1960-1964 Engineer Physicist, Radiological Department of the Kiev Regional Sanitary Epidemiological
Station.
1964-1967 Post-graduation education (Radiation Biophysic) in the Leningrad Institute of Radiation

Hygiene. _

1967-1986 Head of Dosimetric Biophysic Laboratory in the Leningrad Institute of Radiation Hygiene.

1983-1991 Member of the National Commission of Radiological Protection.

1986-FPresent  Head of Dosimetric and Radiation Hygiene Departrment of the Ukrainian (former All-Union)

Scientific Centre of Radiation Medicine.

1988-Present Member of ICRP (Committee 2).

1988-Present  Candidate of Technical Science (Ph.D.) I- Radiation Biophysics.

1988-Presemt  Doctor of Physical Mathematical Science (doctor of Science) - Biophysics

1988-Present  Professor of Radiation Biophysics

1988-Present State Prize Laureate

SELECTED PUBLICATIONS

Osanov, D.P. and Likhtaryov, L.A. (1974) Radiation dosimetry of incorporated radionuclides (monografy).
Moscow, "Atomizdat” (in Russian).

Likhtaryov, LA, and Shamov, V.P. (1973) Experimental and mathematical procedures for the calculation of
metabolic contents in compartment models of the radioisotope metabolism of the Ba, Cs, Ca, Sr, 1. In:
Health Physics Problems of Internal Contamination. Publ. Hungarian Academy of Sciences, Budapest, pp.
161-166.

Likhtaryov, L.A., Dobroskok, A.P., et al. (1975) A study of certain characteristics of strontium metabolism in &
homogenous group of buman subjects. Health Phys. 28:49-60.

Likhtaryov, I.A. and Krasnostctekova, G.P. (1972) Mathematical model of endocrine regulation of calcium-
strontium metabolism and its experimental study. Second International Conference on Strontium
Metabolism. Glasgow and Strontium, August 16-19, pp. 229-237.

Likhtaryov, 1.A., Shandala, N.K., Gulko, G.M., Kairo, LA, Repin, V.8. and Romanenko, AE. (1989)
Radioactive iodine concentrations in elements of environment and exposure doses to the thyroid among
inhabitants of Kiev after the Chernoby! accident. International Symposium on Environmental Contamination
Following a Major Nuclear Accident, Vienna, Austria, October. JAEA-SM-306, Vienna, pp. 247-248.
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.'I[..:iJthma:ryu('»v,, I.A. and Kovgan, L.N. (1990) Doses of irradiation to the Ukrainian population as a result of the

Chernobyl accident. Report to the Seminal on Comparative Assessment of the Environmental Impact of
Radionuclides Released During Three Major Nuclear Accidents: Kyshtym, Windscale, Chernobyl,
Luxembourg, 1-5 QOctober.

Los', 1P, Likhtaryov, 1.A., Shandala, N.K., Gulko, G.M., Repin, V.5., Bobyleva, O.A., Komarikov, LY.,
Vasilev, A.Y., Kovgan, LN, Stepanenko, V.N. and Andreeva, V.V. (1989) Radiation protection and health
physics '1::vzmhuzﬂ:n«:um of movements of radioactive cesium and strontium from soils to plants and milk in the
Ukraine. International Symposium on Environmental Contamination Following a Major Nuclear Accident,
Vienna, Austria, 16-20 October. JAEA SM-36, Vienna, pp. 243-245.

Likhtaryov, L.A. and Kovgan, LN. (1991) How much does conservativeness of the Chernobyl dose estimates
cost? International Seminar on Intervention Levels and Countermeasures for Nuclear Accidents.
Cadarache, France.

Likhtaryov, LA., Kovgan, L.N., Anisenko, E.A., Belaya, LN., Boiko, ZN. and Vavilov, 8.E. (1991) System of
arrangement for radiological and dosimetric data and object law formation of dose for Ukrainian population.
Problems of Radiological Medicine, Kiev (in Russian).

Likhtaryov, I.A., Shandala, N.K., Gulko, G.M., Kairo, I.A. and Chepurnoy, N.1. (1991) Hygienic estimation of
thyroid doses of Ukraini uum population mﬁw the Chemobyl accident. "Vestnic AMS of the USR", N2, pp.
44-47 (in Russian).

Likhtaryov, 1.A., Shandala,_ N K., Gulko, G.M. and Kairo, L.A. (1991) On "control-level" I“AEJ"I][(“AE']p1 lion and
possibility of its realization for emergency radiation-hygienic standardization. Hyhienic and Sanitation, N3,
pp. 86-88 (in Russian).

Likbtaryov, 1A, (1991) Radioecological and dosimetric models used for retrospective and predictive assessme mt
of human exposure after the Chernoby! accident. Rad. Res., Congress Proceedings, 9th ICRR, Toronto, °
12 July.

Likhtaryov, LA., Gulko, G.M. and Kairo, I.A. (1991) Countermeasures and their efficiency in the radioiodine
danger conditions for Kiev residents in May, 1986. International Seminar on Intervention Levels and
Countermeasures for Nuclear Accidents, 7-11 October, Cadarache, France. Book of Abstracts, International
Union of Radioecologists. C ﬂu‘l.au ache, 1991.

Likhtaryov, L A., Shandala, N.K., Gulko, G.M., Kairo, L.A. and Chepurnoy, N.I. (1993) Exposure doses to
thyroid of the Ukrainian ];w]pu]!a‘llmn after the l._ltn rnobyl accident. June, Health Physic

Likhtaryov, LA., Gulko, G.M., Kairo, 1.A., Los, I.P, Shandala, N.K., Henrichs, K. and Paretzke, H.G. (1993)
Estimation of thyreid doses and effectiveness of antiiodine measures in Kiev after the Chernobyl :au..::,.u.l'::nl..
Accepted for publication in Health ]E']h‘y“‘ iCS.

Jacob, P., Medkbach, R., Paretzke, H.G., Likhtaryov, 1., Los, 1., Kovgan, L. and Komarikov, 1. (1992) Dose
rates in air afier desium depositions on grassland. Submitted to Health Physics.

Likhtaryov, I., Kovgan, L., Novak, D., Vavilov, 8., Jacob, P. and Paretzke, H.G. (In Press) Effective dose due to
the Chernobyl external irradiation for different population groups of Ukraine. Health Physics.
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FF . Principal Investigator/Program Director (Last, first, middle):

BIOGRAPHICAL SKETCH
Give the following information for the key personne! and consultants and collaborators. Begin with the principal
investigator/program director. Photocopy this page for each person.

NAME POSITION TITLE
Medvedovsky, Cecily Research Scientist
EDUCATION (Begin with baccalaureate or other initial prefessional education, such as nursing. and includle postdoctora! training.)
; YEAR

INSTITUTION AND LOCATION ‘ DEGREE CONFERRED FIELD OF 8TUDY
Tashkent Medical Institute M.D. C 1942 Ophthalmology
Institute of Industrial Hygiene & K.M.S. 1876 Ophthalmic
Occupational Diseases, Kiev, USSR (Ph.D.) Radiation Biology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronologica! prder, previous employment, experience, and
ey personnel include the principal investigator and any other individuals who paricipate in the scientific development or execution of the project.
Key personnel typically will include all individuals with doctoral or ather professiona! degrees, but in some projects will include individuals at the maisters or
baccalaureate level provided they contribuie in a substantive way 1o the seientilic development or execution of the project. Inchude present membership on
any Federal Governmen! public ndvisory committee. List, in chronalogical order, the titles, all authors, and c@mpkalte references to all publications during the
past three years and o representative eadier publizations periingnt to this application. i the list of publications in the last three years exceeds two pages,
select the mos] pertinent publications. IZfC)w NOT EXCEED TWO PAGES.

honors. ¥

1942-1945  Surgeon, Evacuation Hospitals 3668 and 1977, Aktash Rostovon-Don.

1947-1949  Clinical Postgraduate Course in Ophthalmology. Certificate:  Advanced Qualification in
Ophthalmology. Kiev

1947.1978  Member of Kiev Ophthalmology Research Society, Kiev.

1951-1959  Ophthalmologist, Children's Hosp., Dnieper Dept. Public Health.

1959.1979 Sy, Staff Scientist, Research Institute for Occupational Disease, Kiev; Radiation

1980-1983  Sr. Staff Associate, Eye Radiation Research Laboratory, Dept. of Ophthalmology, Columbia
University

1983-present Research Scientist: ER.E.R.L.; Dept. of Ophthalmology, Columbia University.

PUBLICATION LIST: THIS LIST COMPRISES A CROSS-SECTION OF SELECTED PAPERS AND
EXCLUDES ABSTRACTS

Medvedovsky, C., Likhtarev, Y. (1965). Accumulation and elimination of incorporated 32P in the eye
tissue. Radiobiologiya. §:213-217.

Medvedovsky, C. (1966). Method of determination of absorbed doses of beta radiation in eye tis:
Problems of Experimental and Clinical Radiology. Kharkov, 2:219-223.

Medvedovsky, C. (1967). A comparative estimate of ocular effect of incorporated beta radiators 32P, 358
and 45Ca. Labour Hygiene. pp. 191-195.

Medvedovsky, C. (1970). Vascular reactions from radiation. In Problems of Ophthalmology. Odessa. pp.
246-247.

Medvedovsky, C. (1970). Experimental data on the combined effect of the beta radiators and radiant heat on
the organ of vision. In Problems of Experimental and Clinical Radiology, Kiev, §:99-100.

Pines, A.G., Medvedovsky, C., Shepelev, V.N. (1970). Experience with the mathematical analysis of a
conjoint action of infrared and jonizing radiation on the regional blood pressure. In Hygienic Assessment of
Radiation and Nonradiation - Age Factors and their Combinations. Leningrad, pp. 44-46.

Khvoinitskaya, M.A., Dobrovol'skii, L.A., Medvedovsky, C. and Pugachevskii, V.P. (1970). Concerning the
experimental grounds of the maximum permissible P32 content in the human organism and the air of working
premises. In Radiobiological Experiment and 8 Hurnan, Atomizdat, pp. 167-173, Moscow.

Medvedovsky, €. (1970). Some evidence on the eye state in workers engaged in the high quality glass
production Gigiena i Sanitariya, 3:105-106.
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Medvedovsky, C., Pines, A.G. and Shepelev, V.N. (1971). An effect of small ionization doses on humans
working in metallurgy. In Labour Hy |:'1wr1ms:,, Kiev, 7:135.140.
Rappoport, M.B., Katsnelson, G.M., Postnikov, L.N. and Medvedovsky, C. (1973). A comparative
estimation of neutro n' mml X-ray radiation biological effect. In Exp. and Clin. Radiology, Kiev, 9:11-18.
Medvedovsky, C. (1974). Some data on the eye state in humans working with ionizing radiation. In
Protection from Prof l':-'a.":nmn al Radiations, Kiev, pp. 12-14.
Medvedovsky, C. (1975). Experimental grounds for the RBE of neutrons from the "cataractogenesis" test.
In Radiational Hygiene, Leningrad, $:194-197,
Medvedovsky, C. (1977). Cataractogenic effect and RBE of 2 MEV neutrons. Meditsinskaya radiologiya,
10:84-88.
Monastyrskaya, B.1., Simonenkova, V.A. and Medvedovsky, C. (1978). Early effects of neutron action on
epithelial cells in animals, Leningrad, Academy of Sciences, USSR, Nauka, pp. 128.
Worgul, B.V., Memriam, G.R., Jr., and Medvedovsky, C. (1981). Radiation cataractogenesis in the irradiated
rabbit eye. (.lmr:']mt Eye Res. 1:275-80.
Worgul, B.V., Rothstein, H., Medvedovsky, C. and Merriam, G.R. (1982). Radiation cataractogenesis in the
amphibian Jens. Ophthal. Res. 14:73-82.
Rothstein, H., Worgul, B.V., Medvedovsky, C. and Mermiam, G.R., Jr. (1982). GO/G1 arrest of cell
proliferation in the ocular lens prevents radiation cataract development. Ophthal. 'Ii:':'@' J4:215-220.
Merriam, G.R., Worgul, B.V., Medvedovsky, C., Zaider, M. and Rossi, H. (1984). Accelerated heavy
particles and the lens. 1. C “ataractogenic potential. Rad. Res. 98: 129-140.
Worgul, B.V., Memam, G.R. and Medvedovsky, C. (198 “fﬁ Accelerated heavy particles and the lens. II.
Cytopathological changes. Invest Ophthal Vis Sci 27:108-114.
Odrich, 8., Merriam, G.R., Medvedovsky, C. and Worgul, B.V. (1988). Micronucleation in the lens
epithelium due to exogenous physical and chemical mutagens. Lens Res. §5:203-216
Holsclaw,D.S. ,Merriam,G.R.,Medvedovsky,C.,Rothstein,H. and Worgul, B.V. (1989). Stationary radiation
cataracts - an animal model. Exp. Eve Res. 48:395-398.
Worgul, B.V., Medvedovsky, C.M. and Merriam, G.R. (1989). Cortical cataract development - the expres-
sion of primary damage to the lens epithelium Lens & ]I_y«i: Tox. Res. $:559-571.
Worgul, B.V., Merriam, G.R., Medvedovsky, C. and Brenner, D. (1989). Accelerated heavy particles and
the lens. 11]. Enhanced cataractogenesis by dose fractionation of 570 MeV/amu 40Ar ions. Rad. Res. 118:93-
100.
Worgul, B.V., Medvedovsky, C., Powers-Risius and Alpen, E. (1989). The effect of accelerated particles
and the lens IV: .'Iili;mmumn.mun;w and cytopathological analyses mf the lenses of mice irradiated with 600
MeV/amu Iron-56 ions. Rad. Res. ]L.. 0:280-293,
Brenner, D.J., Medvedovsky, C., Huang, Y., Merriam, G.R., Jr., and Worgul, B.V. (1991) Accelerated
heavy ][Ju:l]'1lll(‘]1i::‘. and the Jens VI: RBE studies at low dose. Rad. Rt*s; L128:7. MHI
Medvedovsky, C., and Worgul, B.V. (1991) Neutron effects on the lens. Rad. Res. J28:5103-8110.
Worgul, B.V., David, J., Odrich, §., Merriam, G.R., Jr., Med lw'«In.)'w'Js.lw,,l -, Merriam, J.C., Trokel, S.L. and
Geard, C.R. (1991). Evidence of genotoxic damage in human cataractous lenses. Mutagenesis §(6):495-499.
Worgul, B.V., Brenner, D.J., Medvedovsky, C., Merriam, G.R., Jr. and ‘lH[:uﬂm;'. Y. (1993). Accelerated
heavy particles and the lens VII: The cataractogenic potential of 450 MeV/amu iron ions. Invest. Ophthal. Vis.
Sci.. 54:184
Brenner, D.J., Medvedovsky, C., Huang, Y. and Worgul, B.V. (1993) Accelerated heavy particles and the
Jens VIII: Comparisons between the effects of iron ions (190 keV/um and argon jons (88 keV/um). Rad. Res.
133:198-203.
B. Wu, C. Medvedovsky and B.V. Worgul. (1994) Non-subjective cataract analyses and its application in
space radiation risk assessment. Adv., Space Res. 14:493-500.
Medvedovsky, C., Worgul, B.V., Huang, Y., Brenner, D.J., Tao, F., Miller, J., Zeitlin, C. and Ainsworth,
E.J.(1994) The ind E]ll.mm.,c* of dose, dose-rate and particle fragmentation on cataract induction by energetic iron
jons. Adv. Space Res. 14:475-482,
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FF - Principal InvestigatorProgram Director (Lasl, firs!, midkfie):

BIOGRAPHICAL SKETCH
Give the following information for the key personne! and consultants and collaborators. Begin with the principal
investigator/program director. Photocopy this page for each person.

NAME POSITION TITLE
Parkhomenko, George J. Investigator
EDUCATION (Begin with baccalaureale or other initial prolessional education, such as nursing, and includie postdoctoral training. )
: YEAR
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Kalinin State Medical Institute M.D. 1984 Clinical Medicine
Kalinin State Medical Institute Ph.D. 1993 Ophthalmology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employmert, experience, and
honars. IKey personnel include the principal investigator and any other individuals who panicipate in the geientific development or execution of the project.
Key personnel typically will include all individuals with doctoral or other professional degrees, but in sorne projects will include individuals at the masters or
baccalaureate leve! provided they contribute in a substantive way to the scientific development or execution of the project. Include present membership on

any Federal Government public advisory committee. List, in chronological arder, the titles, all authors, and compiete references to all publications during the
past three years and to representative earlier publications pertinent to this application. if the fist of publications in the last hree years exceeds two pages,

gelect the most pertinent publications. DO NOT EXCEED TWO PAGES.
1989-Present Kiev Instituté of Advanced Training for Physicians, Department of Ophthalmology, Kiev,
Ukraine

PUBLICATIONS: (Includes only full papers)

Sergienko, N.M., Kondratenko, U.N. and Parkhomenko, G.J. Implantation posterior chamber intraocular
lenses during the loss of corpus vitreum. International Symposium on Refractive Surgery and JOL
Implantation. Theses, Moscow, 1991.

Parkhomenko, G.J., Novak, L.P. and Sergienko, A.N. Method of anterior capsulectorny during ECEC and
IOL implantation. International Symposium on Refractive Surgery and IOL Implantation. Theses, Moscow,
1991. ' '

Sergienko, N.M., Kondratenko, U.N. and Parkhomenko, G.J. Results of IOL imp)
of posterior capsule and ECEC. International Symposium on Eye Microsurgery and Influence of Radiation on

antation during damage

the Eye. Theses, Jaremcha, 1992.
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Worgul, Rasil Kladimir...

FF : Principal InvestigatorPrograrm Director (Last, firsh, miidle):

BIOGRAPHICAL SKETCH
Give the following information for the key personnel and consuflants and collaborators. Begin with the principal
investigator/program directar. Phetocopy this page for sach person.

NAME POSITION TITLE
Ruban, Andrei N. Investigator
EDUCATION (Begin with baccalaureate or other initial professional education, such as nursing, and inciude pastdoctoral training. )
’ YEAR |
INSTITUTION AND LOCATION | DEGREE CONFERRED FIELD OF STUDY
Kiev State Medical Institute M.D. 1992 Clinical Medicine

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with gresert pasition, fist, In chronological order, previous employmert, experience, find
honors. Key personnel include the peincipal investigator and any other individuals who participate in the scientific development or execution of the project.
ey personne! typically will include all individuals with doctoral or other professional degrees, but in some projects will inchude individuals at the masters or
baccalaureale leve! provided they contribute in o substantive way to the scientific development or execution of the project. Include present mambership on
any Federal Government public advisory commitiee. List, in chronological order, the titles, &l authors, and complete references to all publications during the
phst three years and to representative earlier publications pertinent 10 this application. If the list of publications in the last three years exceeds two pages,
select the mos) perinent publications. GO NOT EXCEED TWO PAGES.

1992-Present Post-graduate” studies. Kiev Institute of Advanced Training for Physicians, Department of

Ophthalmology
PUBLICATIONS: (Includes only full papers)
Pasechnikova, N.V., Ruban, A.N. Microwave therapy in treatment of diabetic retinopathy. International
Conference of Young Scientists. Theses, Kiev, 1991,
Veselovskaja, Z.F., Pasechnikova, N.V. and Ruban, AN. Results of microwave therapy in treatments of
diabetic retinopathy. International Conference of Young Scientists. Theses, Kiev, 1992.
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FF . Principa! tnvestigator/Pragrarm Director (Last, first, middie): Worgul Basil Viadimir

BIOGRAPHICAL SKETCH
Give the Tollowing information for the key personnel and consultants and collaborators. Begin with the pringipal
investigatotprogram director. Photocopy this page for each person.

NAME, . POSITION TITLE
Roy E. Shore Prc »1!1* $501

EQUCATION (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training. )

YEAR
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Houghton College B.A. 1962 Psychology
Syracuse University Ph.D. 1967 Psychology/Statist
Columbia University Dr.PH. 1982 Epidemiology

RESEARCH AND PROFESSIONAL EXPERIENGE: Concluding with present posttion, list, in chronological order, previous employment, experience, and
honors. Key personnel include the principal investigator and any other individuals who participate in the scientific development or execution of the project.
Key personne! typically will inclucle all individuals with doctoral or other professional degrees, but in some projects will include individuals at the masters or
baccalaureate level provided they contribute in & substantive way to the scientific development or execution of the project. tnclude present membership on
any Federal Government public advisory commitiee. List, in chronological order, the titles, all authors, and complete references to all publications during the
past three years and 1o representative earlier publications pertinent to this application. i the fist of publications in the last three years exceeds two pages,
select the mast pertinent publications. DO NOT EXCEED TWO PAGES.

Professional Experience -

1969 - 1987 Ranks of Associate Research Sc ientist, Research Scientist, Assistant Professor and Associate
Professor, Institute of Environmental Medicine, New York University Medical Center, New York,
New York.

1987 - Present  Professor, Institute of Environmental Medicine, New York University Medical Center, New York,
New York. Currently Head, Environmental Epidemiology Unit.

Honors

Fellow, American College of Epidemiology, 1982 - Present

MERIT award from NIH, 1986

Member, National Council on Radiation Protection and Measurements, 1983-Present

Selected Government & Public ddvisory Commitiees

Member, International Commission on Radiological Protection, Committee No. 1: Radiation Risk Assessment. (1993-
97).
NAS/NRC Commitiee on an Assessment of CDC Radiation Studies (1991-Present) (National Academy of Sciences-
National Research Council).
NCI, Board of Scientific Counselors, Division of Cancer Etiology (1984-1991) (National Cancer Institute, NTH).
Current Editorial Advisory Boards, Journal of the National Cancer Institute; Cancer Epidemiology. Biomarkers &
Prevention; Begulatory Toxicology and Pharmacology
Selected Publications
Upton A., Albert R, Burns F. and Shore R. (eds.). Radiation Carcinogenesis. New York, Elsevier, 1986.
Shore R., Hildreth N., Woodard E., Dvoretsky P., Hempelmann L. and Pasternack B. Breast cancer among women given
X-ray therapy for acute postparturn mastitis. J. Natl. Cancer Inst., 77:689-696, 1986.
Shore R. Electromagnetic radiations and cancer: cause and prevention. Cancer, 62:1747-1754, 1988,
Bums F., Hosselet $., Wolman S., Perle M., Shore R. and Garte 8. The radiosensitivity of skin fibroblasts from patients
with multiple radiation induced skin cancers. Proc. Am. Assoc. Cancer Res. 30:771, 1989,
Shore R.E. Radiation epidemiology: old and new challenges. Environ. Health Perspec. 81:153-156, 1989,
Hildreth N., Shore R. and Dvoretsky P. Risk of breast cancer following thymic irradiation in infancy. N. Engl. J. Med.
321:1281-1284, 1989.
Greenberg H.L., Ot M. and Shore R. Men assigned to ethylene oxide production or other ethylene oxide related chemical
manufacturing: & mortality study. Br. J. Indust. Med. 47:221-230, 1990.
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Principal investigator: Worguw!, Basil Viadimir

Shore R.E. Overview of radiation induced skin cancer in humans. Int. J. Rad. Biol. §7:809-827, 1990.

Shore R.E. Oceupational radiation studies: status, problems and prospects. Health Phys. 59:63-68, 1990.

Shore R.E., Harley N., Pasternack B. and Gladstein A. Skin cancer susceptibility among irradiated patients. J. Am. Acad.
Dermatol. 22:859, 1990.

Shore R.E. Epidemiology of neoplasms of the foot. In: Neoplasms of the Foot and Leg. Cold ID. and DeLauro T., Eds.,
Saunders, Phila. pp. 24-32, 1990.

Steinfeld A.D. and Shore R. Second malignancies following radiotherapy for testicular seminoma. Clin. Oncol. 2:273-276,
1990.

Toniolo P.G., Pasternack B., Shore R. Sonnenschein E., Koenig K., Rosenberg C., Strax P. and Strax §. Endogenous
hormones and breast cancer: a prospective cohort :s.hm.l.y.. Breast Cancer Res. Treat 18:523-526, 1991.

Koenig K.L., Pasternack B., Shore R. and Strax P. Hair dye use and breast cancer: a case control study among screening
participants. Am. ). ]l_,plu.lc.ero‘l 133:985-995, 1991. '

Little M.P., Hawkins M., Shore R., Charles M. and Hildreth N. Time variations in the risk of cancer following irradiation in
childhood. Radiat. Res. 126:304.316, 1997,

Shore R.E. The epidemiology of radiation induced thyroid cancer: research issues and needs. Brit. Inst. Radiol. Reports

22:61-66, 1991,

Fry RIM., Charles M., Gesell T, Hopewell J. and Shore R. The biological basis for dose limitation in the skin
ll\mfﬁrm.ammm‘ﬂ(4»:1nrnmmn on Radiological Protection, Publ. 569), Annals ICRP, 22:1-104, 1991.

\uberman W., Crow R., Rosenberg C., Rautaharju P., Shore R. and Pasternack B. Intermittent 8T depression and mortality
after myocardial infarction Circulation, 85:1440-1446, 1992,

Shore R.E. Nonionizing radiation. In: Environmental and Occupational Medicine. Rom W. Ed., Little, Brown & Co., pp.
1093-1108, 1992. '

Upton A.C., Shore R. and Harley H. The health effects of low level ionizing radiation. Annu. Rev. Pub. Health 13:127:150,
1992. ,

Shore R.E., lyer V., Altshuler B. and Pasternack B. Use of human data in quantitative risk assessment of carcinogens:
Impact on epidemiologic practice and the regulatory process. Regul. Toxicol. Pharmacol. 1 15:180-221, 1992.

Shore R.E., Hildreth N. and Moseson M. Studies of skin cancer and thyroid tumors afler irradiation of the head and neck.
Proc. Intl. Conf. Radiat. Effects Protect (Mito, Japan), pp. 77-79, 1992.

Shore R.E. Issues and epidemiologic evidence regarding radiation induced thyroid cancer. Radiat. Res. 131:98-111, 1992.

Shore R.E. Radiation and breast cancer risk. Proceedings of the President’s Cancer Panel, Special Commission on Breast
Cancer. N.LH., NCI pp. 4-26, 1992.

Shore R.E., Hildreth N., Dvoretsky P., Pasternack B. and Andresen E. Benign thyroid adenomas among persons X-irradiated
in infancy for enlarged thymus glands. Radiat. Res. 134:217-223, 1993.

Shore R E., Hildreth N., Dvoretsky P., Andresen E., Moseson M. and Pasternack B. Thyroid cancer among persons given X-
ray treatinent in mf.aum.:. for enlarged thymus glands. Am. J. Epidemiol. 137:1068-1080, 1993,

Koenig K.L., Toniolo P., Bonfrer B., Pasternack B., Shore R. and Bruning P. Reliability of serum prolactin measurements in
women. Cancer Epidemiol. Biomark Prev. 2:411-414, 1993.

Shore R.E., Gardner M. and Pannet B. Ethylene oxide: an assessment of the epiderniologic evidence on carcinogenicity. Br.
J. Indust. Med. §0:971-997, 1993.

Adelstein S., Boecker B., Brooks A., Kase K., Kronenberg A., McNeil B., Shore R. and Templeton W. Research needs for
radiation protection, NCRP report #117. National Council on Radiation Protection and Measurements, Bethesda, MD.
1993.

Moseson M., Koenig K., Shore R. and Pasternack B. The influence of medical conditions associated with hormones on the
risk of breast cancer. Int. J. Epidemiol. 22:1000-1009, 1993.

Day G.L., Blot W., Shore R., McLaughlin J., Austin D., Greenberg R., Liff J., Preston-Martin §., Sarkar §., Schoenberg J.
and Fraumeni J. Second cancers following oral and pharyngeal cancer: role of tobacco and alcohol. J. Natl. Cancer Inst.
B6:131-137, 1994,

Toniolo P., Koenig K., Pasternack B., Shore R., Rosenberg C. and Levitz M. Reliability of total, protein bound and unbound
estradiol in serum. Cancer E pidemiol. Biomark Prev, 3:47-50, 1994.

Toniolo P., Riboli E., Shore R. mnd Pasternack B. Consumption of meat, animal products, protein and fat and risk of breast

cancer. Epidemiol (In Press), 1994.
Day G.L., Shore R., Blot W., McLaughlin J., Austin D., Greenberg R., Liff J., Preston-Martin 8., Sarkar 8., Schoenberg J.

and Fraumeni ). I dietary factors and second primary cancers: a follow-up of oral and pharyngeal cancer patients. Nutr.
Cancer (In Press), 1994,
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Worgul, Basil Viadimir

FF . Principal Investigator/Program Director (Lasi, first, mickdie):
BIOGRAPHICAL SKETCH
Give the following information for the key personnel and consuftants and collaborators. Begin with the principal
investigatorjprograrm director. Pholocopy this pape for sach person.
NAME POSITION TITLE

Sergienko Nikolai Markovich Professor
EDUCATION (Begin with baccalaureate or other initial professional education, Buch as nursing, mnd include postdoctora! training. )
YEAR
CONFERRED

1958

DEGREE FIELD OF STUDY

B.S.

INSTITUTION AND LOCATION

Medical Institute, Charkov, Ukraine Medicine

Medical Institute, Donezk, Ukraine PhLD. 1964 Ophthalmology
Ukraine M.D. 1971 Ophthalmology

Medical Institute, Donezk,

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present postion, list, in chronological order, previous employment, experience, and
honors. Key personnel inciude the principal investigator and any other individuals who participate in the scientific development or execution of the project.
Key personne! typically will inchade afl individuals with doctoral or ether professional degrees, but in some projects will include individuals &l the masters or
baccalaureate level provided they contribute in a substantive way to the scientific development or exe cution ¢f the project. Include present membership on
nny Federal Government pulslic aedvisory committee. List, in chronelogical prder, the fitles, all muthors, mnd complete references to all publications during the
past three years and to representative oa rlier publications pertinent 1o this application. f the list of publications in the last throee years exceeds two pages,
palect the most pertinent publications. DO NOT EXCEED TWO PAGES.

19631972
1972-1977
1978-Present
1978-Present
1982-Present
1988-Present

Assistant, Dept.Ophthalmology, Donezk Medical Institute, Ukraine

Head, Dept.Ophthalmology, Dagestan Medical Institute, Ukraine

Head, Dept.Ophthalmology, Kiev Institute of AdvancedTraining for Physicians, Ukraine
Chief Ophthalmologist of Health Ministry of Ukraine, Ukraine

Deputy Chairman of Ukranian Scientific Ophthalmological Society, Ukraine

Founder and Chief of Kiev Eye Microsurgery Centre, Ukraine

v

1992.-Present
1993-Present

Corresponding Member of Academy of Science of Ukraine, Ukraine
First Deputy Secretary of the Academy of Science of Ukraine, Ukraine

SELECTED PUBLICATIONS

Sergienko, N.M. (1975) Clinica! refraction of human eye. Kiev, "Zdorovja".

Sergienko, N.M. (1978) New colour phenomenon of rod-cone antagonism. Abstract Regional symposium of
the international research group on colour vision deficiencies, p.43, Dresden.

Sergienko, N.M. (1984) Diagnostic of optic atrophy, Ophthalmologichesky zjurnal, 6:339-34].

Sergienko, N.M. (1986) Artificial lens. USA Patent 4 642 113.

Sergienko, N.M., Emilit, V.A., Komjachova, A.V., and Pishel, A. (1987) Binicular functions and aniseiconia
of artiphakic eyes. Vestnik Ophthalmologii, 4:15-17.

Sergienko N.M. and Pishel A. (1988) Apparent accommodation of artiphakic eye, Vestnik Opthalmologii,

Sergienko, N.M. and Aliev G.D. (1989) Correcting astigmatism. American Journal of Optometry and
Physiological Optics, 66:167-169.

Sergienko, N.M. and Pavljuchenko K.P. (1989) Method of treatment of secondary cataract. Vestnik
Ophthalmologii, 6:23-25.

Sergienko, N.M. (1990) Intraocular lens experiments before Harold Ridley, J.Cataract Refractive Surg.,
16:388-389.

Sergienko, N.M. (1990) Intra-Ocular Correction,Kiev,

Ldorovja"
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) Principat Investigator: Worguwl, Basil Viadimir
Sergienko, N.M., Veselovskaja, Z.F., Stavnichuk E.Z. and Pishel A. (1990) Posterior chamber stepped I0L
" model-1000 cases, Implants in Opthalmology, 4:95-96.
Sergienko, N.M. (1991) Ophthalmic Optics, Kiev, "Zdorovja".
Sergienko, N.M., Veselovskaja, Z.F. and Parkhomenko, G. (1992) Implantation der Hinterkammerlinsen beim
Verletzung der hinteren Kapsel, 90 Tagung der Deutschen Ophthalmologischen, Gesellschaft, Mannheim, §.
127.
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FF Principa! Investigator/Program Director (Last, first, middie): Waorgul, Basil Vladimir_.

BIOGRAPHICAL SKETCH
Give the following information for the key personnel and consultants and collaborators. Begin with the principal
Imvestipator/pragrarn dirgctor. IPholocopy this page for each person.

NAME POSITION TITLE
Vitte, Peter N. Investigator
EDUCATION (Begin with baccalaureate or other initial professional education, buch &s nursing, and inclade postdocioral training. )
- YEAR
: INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Kiev Medical Institute M.D. 1972 Clinical Medicirie
Kiev Res. Inst. for Labour Hyg. & Occup. Health PhL.D. 1988 Medical Sciences

RESEARGH AND PROFESSIONAL EXPERIENCE: Conciuding with present position, list, in chronologica! order, previous employment, experience, and
honors. ey personne! include the principal investigator ark! any other individuals who participate in the ilit:il!f'.lﬂiﬁ(: development or execution of the project.
Key personne! typically will include wll individuals with doctoral or other professional degrees, butin some projects will include individuals al the masters or
ibaceataureate bevel provided they contritute in @ substartive way to the scientific gevelopment or execution of the project. Include present membership on
any Federa! Government public advisory committee. List, in chronalogical order, the titles, all mll.rlht:nm. ard 1:,5>rl1|:>|‘1!1uie references to all publications during the
past three years and o representative earlier publications pertinent o this application. I the tist of publications in the last three years exceeds two pages,

select the most pertinent publications. DO NQT EXCEED TWO PAGES.

1978-1988  Kiev Research Institute of Labour Hygeine and Occupational Diseases, Ministry of Health,
Kiev, Ukraine.

1989-Present Institute for Occupational Health, Academy of Sciences of Ukraine, Kiev, Ukraine

PUBLICATIONS: (Includes only full papers)

Vitte, P.N. The questions of labour management and hygiene at poultry farming. Znaniye, p. 16, Kiev,
1981.

Vitte, P.N. Multifactorial prevention of coronary heart disease in rural populations of the Ukraine. In:
Theses of the Reports of the First Congress of Cardiologists of Kirghis, SSR. p. 140-141, Frunze, 1987.

Vitte, P.N. QOccupational health of milk operators. Zdorovie, p. 40, Kiev, 1987.

Vitte, P.N. Cardiovascular diseases and working conditions in rural Ukrainian populations. CVD
Epidemiology, Council on Epidemiology, American Heart Association, U.S.A., p. 77, 1989,

Vitte, P.N. Effects of occupational and other risk factors on the health of agricultural workers. The First
Finnish-Soviet Symposium on Occupational Health and Safety in Agriculture. Proceedings 2. Inst. of
Occupational Health, Helsinki, p. 28-36, 1991.

Vitte, P.N. Determination of the effects of occupational factors and obesity on the formation of
cardiovascular pathology in rural workers. Labour Hygiene, Kiev, 28:81-86, 1992.

Vitte, P.N. The influence of environment and production sphere on coronary heart disease genesis in able
bodied rural populations of Ukraine. International Heart Health Conference Abstract Book. IV Cardiology
Congress of Ukraine, p. 122, Kiev, 1993,

Vitte, P.N. Morbidity of rural workers of the zones with radiation contarninations. Chernobyl and People
Health. Abstracts of Ukrainian Scientific Center of Radiation Medicine Conference, p. 298, Kiev, 1993.

Vitte, P.N. Blood lead monitoring studies in Chernobyl region in 1991. Eighth International Symposium
on Trace Elements in Man and Animals. p. 140, 1993,
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FF . Principa! Investigator/Program Director (Last, first, middie). Worgul Basil Vadimir

BIOGRAPHICAL SKETCH
Give the tollowing information for thie key personnel and consultants and collaborators. Begin with the principal
investigator/program director. Photocopy this page lor each person.

POSITION TITLE

NAME e
Wu, Bin Research Fellow
EDUCATION (Bepin with baccalaureate ov other initia! professional sducation, such as nursing, and inclucke posidoctoral training.)
YEAR !
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Enshi Medical College M.D. | 1984 | Medicine
Tongji Medical University Masters | 1989 Ophthalmology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, ist, in chronological order, previous employment, experience, aind
honors. ey personne! include the principal investigator and any other individuats who participate in the scientific developrent or execution of the project.
Key personnel typically will include al individuats with doctoral or other professional degrees, it in some projects will include individuals at the masters or
baccalaureate heve!l provided they contribute in & substantive way 10 the scientific development or execution of the project. Include present membership on
any Federal Govemment public advisory committee. List, in chronological order, the tities, al authors, and complete references to all publications during the
past three years and o representative sarlier publications pertinent 1o this application. If the list of publications in the Inst three yoars exceeds two pages,
getect the rmost pertinent publications. DO NOT EXCEED TWO PAGES.
1979-1984  Department of Medicine, Enshi Medical College, Enshi, Hubei Province, China.
1984-1986  Resident, Dept. of Ophthalmology, the Fifth Hospital of Wuhan, Wuhan, Hubei Prov., China.
1986-1989  Graduate study. Dept. of Ophthalmology, Tongji Medical University, Wuhan, Hubei Prov.
China. :
1989-1990  Resident, Dept. of Ophthalmology, Tongji Medical University, Wuhan, Hubei Prov. China.
1990-1992  Chief Resident, Dept. of Ophthalmology, Tongji Medical University, Wuhan, Hubei Prov.,
China.
1992-Present Postdoctoral Res. Fellow. Eye Radiation and Environmental Res. Lab.. Columbia University.

PUBLICATIONS: (Includes only full papers)

Wu, B. and Hu, C. (1990). Early radiation effects on rabbits lens. Chinese Journal of Radiological
Medicine and Protection. 10:325-326.

Tang, S., Hu, C. and Wu, B. (1990). In vivo observations of the subacute irradiation on rabbit lens.
Chinese Journal of Injuries and Occupational Diseases of the Eye. 12:275-277.
Eong, J., Hu, C. and Wu, B. (1990). The experimental study on the relationship between the

-

prostaglandin and the injury on the cornea. Chinese Journal of Injuries and Occupational Diseases of the
Eye. 12:331-333.
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TOOTH IDENTIFICATION FORM

1. Complete affiliation of the hospital which

performed extraction

2. 1D number 3. Date of extraction

Appendix |

N General information Fragment 1
] Family name

2 First name

3 Second name

4 Sex (male - 1, female - 2)

5 Date of birth

6 Liquidators pass (series and number)

7 Year of work in Chernobyl

8 Dose value, officially recorded (if available)

9 Date of evacuation from the 30-km zone

10 From what settlement

N Postal address at present time Fragment 2
] ZIP code

2 Region

3 District

4 Town

5 | Street

6 House

7 Building

8 Apartment
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Appendix 1
4. Places of stay since the accident (region, district, settlement)

(1986 in all details, afterwards - reflect locations with period of stay more than 3 months).

Year Settlement Period of stay

Arrival Departure

5. Professional contact with radiation (including military service)

6. Information about X-ray examinations of skull, jaws, teeth (dates, type, approximate number during life

span):

7. General diseases affecting solid tissues of tooth

]

8. Location of the tooth and reason of extraction:

2 i 1 p) 3 4 5 6 7 8
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Appendix 1
9. Affiliation during the Chernobyl recovery activities

10. Notes

11. Name of physician who extracted the tooth
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Appendix 11

Ukrainian/English Lens Examination Forms

=> 2 pages

=» Ukrainian Top Sheet
=> Black Carbon
=> English Bottom Sheet

=> Horizontal (Top) Tear-away
=> 3 Hole Punch - Left Margin
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QCMOTP XPYCTANKKA
(BMOMUKPOCKONWA C PACLINPEHHLIM SPAUKOM > 5 Mm)

BAIAT LATA MCCINELOBATENbL OAMUNMA BONEBHOIrQ KOL
MIMEHEHWA XPYCTANMKA NPABbLI I'TA3 NEBLIA I'MA3
MPO3PAYHBIA HET [] A [ HET [ na
PaHHWe nameHeHus HET [] LA [ HET [] Al
1.Monuxp.nepenned. B NSIOCK. HET [J LA L] HET [ A O
3apH.kanc.

2.EQAMHUYHDBIE TOUKU
B kope (MeHee 10)

nepegHAA obnacTb HET O A0 HETO OA O
3anHAA obnacTb HETO DA O HET O Jay-y N
3KBaTopuanoHan obnacTb HET O OA O HET O OA O
obnacTb BOKpyr Aapa HET O nA 0 HET O OA O
3.EanHnyHble Bakyonu (MeHee 5) s
nepegHAA o6nacTb HET O A0 HET O OA [0
3apHAA obnacTb HET O nAO HET O oA 0
3KkBaTopuanbHaa obnacTtb HET O OA O HET [ DA
obnacTb BOKpyr Agpa HETO nA 0O HET O oA 0d
NEPBARA CTAOWUA HET O nA 0O HET O OA 0O
Hebonbluoe NnATHO obHap. npwu
PETPOUNNIOMUHALUK HET O oA 0 HET 0 OA O
Hebonblioe nATHO o6Hap.wenesown
namnoun
nepenHAR obnactb HET O OA O HET O DA O
3apHAA obnacTb HET O A0 HET O DA O
akBaTtopuanbHaa 06nacTb HET O DA O HET O OA O
obnacTb BOKpyr Aagpa HET [ OA O HET O OA 0
AQpO HET O DA O HET O OA O

CkonneHue Touek (>10) u/munu
Bakyonewu (>5), rpaH.noMyTH., NATHA
B KOpe, BoaAHbIe Wwenu (BuanuMbie co
Lenesoin namMnon):

nepenHAA obnactb HET O DA 0 HET O DA O
3aaHAR obnacTb HET O A0 HET O OA O
3KBaTopuanbHaa obnacTtb HET O DA O HET O pAd
obnacTb BOKpyr Aapa HET O DA O HET U OAD
AQPO HET O OA O HET O OA O
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LENS EXAMINATION
(Biomicroscopy with dilated pupil > 5 mm)

VISIT # | VISIT DATE INVESTIGATOR — CODE

LENS CHANGES RIGHT EYE LEFT EYE
CLEAR NO O YESO NO OO YESO
Early changes NOO YESO NOO YESO
1.Polychrom. Sheen in NOO YESO NOO YeESO
Post.Cap.plane
2.Individual dots
in cortex (fewer than 10)
Anteriorly NOO YESO NOO  YyeSO
Posteriorly NOO YESO NOO YESO
Equatorial NOL} YESO NOoO vyeEsO
Supranuclear NODO YESO NOLO YESO
3.Individual vacuoles (fewer than 5)
Anteriorly NO[O YESO NOO YESO
Posteriorly NOO YESO NOO YesO
Equatorial NOO YESO NOO  YESO
Supranuclear NOO YESO NOO YeEsSO
STAGE 1: NO O YESO NO (O YES[O]
Small, opacity seen
by ophthalmoscopy NOO YESU NOO YESUO
Small opacity (seen by slit lamp
biomicroscopy)
Anteriorly NOO YESO NOLl YESO
Posteriorly NODO  YESU NOO YESO
Equatorial NO O YES O NO O YES[O
Supranuclear NOO  YESO NOLD YvesO
Nuclear NOO YESO NOO YEeESO
Aggregate of dots (>10) and\or
vacuoles (>5), granulated opacities,
cortical spots, waterclefts (seen with
a slit lamp):
Anteriorly NOO YeEsSO NO[O YESO
Posteriorly NOO YESO NOO YESO
Equatorial NOO YESO NOO YESO
Supranuclear NODO YeESO NOO YESO
Nuclear NOO YESO NODO  YESO
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B3AUT OATA MCCNENOBATE/b OAMUNA BONBHOIMO KOA
M3MEHEHWA XPYCTAJTUKA NPABbIN MNA3 ﬂE_BbIVI MMA3

BTOPAAR CTAOAWA HET O OA O HET O nAd

bonee 3Ha4UT. U3BMEHEHMUA,

3aHumarlme 1/8-1/4 yactu Kopbl

XpycTtanuka. HeaHauuTt. 3aTpyaHEeHUA

npv oOTanbMOCKONUU 1

UccnenosaHun CTEKNOBUAHOMO Tena.
nepepHAR obnacTb HET O OA 0O HET O OA O
3apgHAA obnacTb HET O JA O HET O OA 0O
aKBaTopuanbHana obnacTtb HET O OA O HET O oAl
cynpaHykneapHblii y4acTok HET O OA [ HET UJ OA QO
3HauYUT.U3MEHEHUA B AApE HET DO AA O HET O oA 0o

TPETbA CTAOWUA: HET O OA O HET O DA O

3HauuT. 6onee BbipaX<. U3IMEHEHUA.

OdTanbMOCKONUA BO3MOXKHA TONBKO

B CNy4. NPO3p. UNK NONYNPO3paYHbIX

y4acTKOB, NO3BONAIOLLMUX Uccnea.

CTEKN. TEeNO U rNasHoe AHO.
nepenHAA obnactb HET O oA 0O HET [ DA D0
3agHAA obnacTb HET I nA 0 HET O DA 0O
AQpPO HET O DA O HETO DA 0O

YETBEPTAA CTAOWNA: HET O pA 0O HET O nA 0

MouTu 3penan KatapakTa - NoYTH

nonHoe NoMyTHeHWe xpyctanuka. Ha

HEKOTOpbIX y4acTKax MO>XXHO BUAETb

AQPO UMK 3a[HIOKO YACTb KOpbI

XpycTanuka.

NATAR CTAOWA: HET O oA 0 HET O DA 0O

3penan kartapakTa - NonHoe
NOMYTHEHMWe XpycTanuka.

NPEANONAFAEMAA 3TWUONOMrNA?

1.CTapuyeckue unu Bo3pacTHble U3SMEeHEeHRUA
2.BpoxxaeHHble Unun KBEHUNbHbIe U3MEHEHWA

3.TpaBMaTuyeckKan Kkarapakra

4.KaTapakTa, CBA3aHHAA C BHYTPUrnasHbiM1 3a60neBaHUAMM:
5.Kartapakra, CBA3aHHaA C CUCTEMHbLIMU PacCTPONCTBAMMU:

6.M13MeHeHURA, Bbl3BaHHbIE BPeAHbIMU areHTamMu (MOHU3UpYIoLLLeh paauaunen,
nekapctesamMu, TOKCUHECKUMMU BELLECTBAMU U T.A.):

loanuce rnaBHoOro uccnenosarena

Hdara

FORM UACOS93-EP
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VISIT # | VISIT DATE INVESTIGATOR CODE

LENS CHANGES RIGHT EYE LEFT EYE
STAGE 2: NO[] YES[] NO (] YES (]
More extensive changes collectively
occupy the equivalent of 1/8-1/4 of
the lens cortex. Little interference
with ophthalmoscopy and vitreus
visualization.
Anteriorly NO [] NOLl  YESL[]
Posteriorly - NO [ NO [ =
Equatorial L NO [ NO []
Supranuclear - NOTLJ NO []
Extensive changes in the nucleus NO [ NO []

STAGE NO [ YES[] NO [] YES [

Advan .1.!~(.| changes. Ophthalmoscopy

could be performed only when clear

or semi-transparent areas allow

visualization of the vitreous and

fundus.
Anteriorly NO [ YES ] NO [] YES [
Posteriorly NO [ YES[] NO [ YES [
In Nucleus NO [ YES[] NO [] YES[]

STAGE 4: NO [ YES [ NO [ YES [

Premature cataract - almost total

opacification of the lens. In some

areas it is possible to see the

nucleus or posterior cortex of the

lens.

STAGE 5 NO [ YES [ NO [] YES [
M ature ,.ant. aract - total opacification
of the lens.

SUGGESTED ETIOLOGY?
1.8enile or age related changes
2.Congenital or juvenile changes
3. Traumatic cataract
4.Cataract associated with intraocular disease:
5.Cataract a c:nn::,hltrmtl with systemic disorders:

n,

| 6.Changes caused by noxious agents (ionizing radiation, drug induced, toxic agents,
elc.):

Signature of Principal Investigator Date

FORM UACOS93-EP

Page 66



Ukraini

Appendix ITI

an/English General Eye Examination Forms

=> 3 pages
=> Ukrainian Top Sheet
=> Black Carbon

=> English Bottom Sheet

b ]Hlnt*nr'i zontal (Top) Tear-away
""" - 3 Hole Punch - Left Margin
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MOTP  TNA3A

BAIAT LATA WCCNELOBATEND

OAMUNNA BONBHOTO

KOO

McTopua Goneann: [lo 1986 ( sabonesaduna rnasa, onepauun, u.T.a.)

Mocne 1986 ( To xe, Honee AeTanbHo)

Mpasbiid rNas

Newii rnas

Nanobwl
CyxocTh
Cnes3oToumBocTk
Orpennemoe
Bone
Fnasnan
Bokpyr rnasHoro Rbnoka
lMATHA nepen rnasom
CMELLAKILLMECA C BBWX. INas
Mnasawuwme
CHIKEHWE 3PEeHUA
LieHTpansHoro
Mepeadepuyeckoro
Hpyrue »xanobel (ONUCATL)

QOcTpoTa 3peHmMa
HopmanbHaa (1.0-0.8)
O/xoppexumnm

«0.1
0.1-0.5
»0.5
C KOppeKumMen
oD

oS

<0.1
0.1-0.5
»0.5

ol RA [
HET [J AA L]
I nA L

[ AA L
[ AA L

AA L[]
A L

[ nA L
[ nAL

HET [J RA [

HET (] [A [l

HET [ AA [l
HET [ AA Ll
HET [ nA [l

I nAl
HET [] AA (]
T[] OA L]

HET [
HET [
HET [

HET [
HET

HET [

HET [

|..| [..
|..| i..
|..| !..

|..| [..
|..| !..
|-.| !..

— — o
¥ ' d
h

H i HIH
HEB RN
[ By NS oy S |

nA
OA [
A [
OA L

OA

nA
nA [

nA ]
DA [

Oa Ll

OA Ll

OA [l
BA L
HA [

DA [
nal
DA L]
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EYE EXAMINATION

VISIT # | VISIT DATE

INVESTIGATOR

HISTORY Before 1986 ( eye disease, surgery, etc )

After 1986 ( same, in more detail)

CODE

Right eye

Left eye

Complaints
Dryness
Tearing
Discharge
Pain
Qcular
Periocular
Spots
Shifts with eye movement
Floating
Reduced Vision
Central
Peripheral
Other complaints(specify)

NO [
NO [
NO (]
NO [

NO [

NO [
NO [

NO O

NO L[]

NO [

Visual Acuity
Normal (1.0 - 0.8)
Without Glasses

0.1
0.1-0.5
»0.5
With Glasses
R.E.

NO [

NO [
NO []
NO [

L.E.

<01
0.1-0.5
»0.5

NO [
NO [
NO [

YES [
YES []
YES []

YES (]
YES ‘[ l
YES [

VEE‘LJ

VFm[1

NO []
d(ij

NO [
NO []

NO []
NO [

NO [
NO[]

NO []

NO [
NO [J
NO [

NO [
NO []
NO []

YES [
YES [
YES []
YES [
YES []
YES []
YES [J

YES []
YES [

YES []

YES []

YES [
YES []
YES [
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OCMCO

TP

FNA3A

T BU3AT ATA

UCCNENOBATEND

OAMUNWA BONBHOQIO

KO

[

BBLIV rna3’

Pedpakumna (3MMETROMUA)
Muonwa
»6.0 D
MunepMeTRoOnuA
ACTHIMATHUIM
MpecOuwonus
MNone speHmA
HopmaneHoe
Ecnu HeT, nCNoNL3ynuTe cxemy
BHyTpurnasHoe napnedue
(YKasats TOHOMETP)

<20 MM PT.CT.
20-24 MM PT.CT.
25-28 MM pT.CT.I
»28 MM PT.CT.
PecHULbI
HopmankHble
Ecnu HET

Hexn
HopmaneHble

CnesHoie nyTu
HopmaneHie
Ecnu HET

KOHBHKTUBA

HopmansHan

BocnaneHHan

donnukynes

MuHreexyna

TeneaHrnodIKTa3nKu

Mpovee(NepuKkop MHBLEKLWA, W T,M1,)
MepeaHAR Kamepa

HopmansHan

Ecnn HET

HE

HE
HE

HE"
HET
HE’
HE’
HET

HET L

HET

HET

HET [

HET [

HET [

HET L
HET L
HET L
HET L
HET L
HET L

HET [

1 HET
| DA [ HE'
; OA [ HET
| OA [ HE’
| OA [ HE’
| LA [

HE B I I I O O O O |

pan | HETE

| OA [
[] OA [
| A [
| LA [

OA [ HET [

OA L HET []

AA L] HET [

HE’
HE’
HE’

A L 1
1
]
HE
]
1

AL
LA
JAA [
JA L
DA L

L
L

|- U g U g W |

HE’
HE

— e s

LA [ HET []

nA [
DAL
DA [
OA L]
Oa ]
DA L

OA L]

nal
natl
OA L
OA L

DA [
OA [

DAL

JA [
LA
AA T
OA [
OA O
AA L]

AA L
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EYE EXAMINATION

- VISIT # | VISIT DATE

INVESTIGATOR

CODE

RIGHT EYE

-----

LEFT EYE

Refraction: (Emmetropia)
Myopia
»6.0 D
Hypermetropia
Astigmatism
Presbyopia
Visual Field
Normal
If NO use diagram page
Intraocular Tension (specify
tonometer)

<20 mm Hg
20-24 mm Hg
25-28 mm Hg
»28 mm Hg
Eyelashes
Normal
if NO

Eyelids
Normal
If NO

Lacrimal Structure
Normal
I NO

Conjunctiva

Normal

Injected

Folliculosis

Pingueculum

Telangiectasis

Other (pericorneal injection, etc.)
Anterior Chamber

Normal

if NO

NO [J
NO [
NO [
NO [
NO [
NO [

NO []

NO [
NO [
NO (]
NO [

NO [

NO [

NO [

NO [
NO [
NO [
NO [
NO (]
NO [

NO [J

< <<
el sz sl
finfinitn
Wl WS UL

H ol
rA A A A

HEn I
LE R

e N s N
IR R
LIS B SN SN B S|

v

<
Fe]

YES [

YES [

YES []

YES [

NO []
NO [
NO [

[]

NO
NO [
NO [

NO [

NO[]
NO [
NO L
NO [

NO [

NO [

NO [

NO L[]
NO [
NO []

YES []

YES [

YES []

YES [J

YES L
YES [
[

YES [
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QCMOTP

FIIA3A

- BA3NT AATA

NCCNENOBATENE

OAMUITMA BOMBHOMO

KOO

MNpaswid rnas

Neawit rnas

Porosuua
HopmanbHan
Kepartur
MomyTHeHWe
FlpeunnuTarb

Mpouee

Llewxenns rnas
HopmanbHbie
Ecnu HeT

Papy»Han obono4ka
HopmanebHas
CuHexum
Mpouee

3paqoK
HopMansbHbIA
Muppuas
AHWUIOKOPUA

CTeKknoBuaHOe Teno
HopmansHoe

HopmanbHsia spaqk. pedonexc HE:
Xpycrtanuk (CMOTPETE AP. ChopmMy)

I []
CTpyKTYpPHbIE MIMEHEHWUA | HET L[]

masHoe pHo
HopmanbHoe
Ecnm HET

SPUTENLHBLIA HePB
Makyna
Cocynb
Mpouee

AAL
AA L
AA L]
RA [
AA L]

AA D

AA L]
AA L]
AA L

nAT
AA L]
RA L]
RA L]

RA L[]
A L]

AA L]

AA L]
nA Ll
RA L[]
RA ]

HE
HE’
HE
HE
HE

HE’

I
1
1
!
]

[ [

=T [ AA [
[ [
[ [

[] AA [
(] LA [
[] nA [
(] ]
(] ]

-
-

- —

' AAL
' JA L

-

T[] A [

[ FA [

|
=T [ AA [
ET (] OA [

AA L
AA [
AA [

g AA [
g AA [

=T [ LA L]

) AA [
] AA [
] AA L]
] AA L]

SAKMOYMEHWUE:

MoXHO NK paclIwpuTL 3pavwoK ?
MoHO nu caenaTk GUOMUKPOCKONWIY ?

Mo»HO nu NPOBECTA MCCNenOBaNne ¢
LUeAmnchnyr uieneBow NaMnom?

| LA [
] nA Ll
l na

floarnes rinasHoOro MeoNeaoBaTens

Lara

FORM UACQOS93-EP
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LY

EYE EXAMINATION

CODE

RIGHT EYE

LEFT E

Cornea
Normal
Keratitis
Opacification
Precipitates

Other

| Eye Movement
Normal
If NO

Iris
Norrmal
Synechia
Other

Pupil

Normal

Mydriatic

Anisocoria

Normal Pupillary Reflex
Lens (see separete from)
Vitreous Body

Normal

Structural changes (opacif., etc)

Fundus
Normal
It NO

NO [
NO []
NO []
|
|

NO []
NO []

NO [] YES []

NO [
NO [
NO [

NO []
NO []
NO []
NO []

NO [
NO [

NO [ YES []

NO [
NO [
NO [
NO [
NCO [

NO [J

NO [
NO [
NO []

NO [
NO [
NO [
NO [

NO [
NO [

NO [

YES [
YES []

YES [

Optic Nerve NO [ YES [] NO [ YES [
Macula NO [] YES [] NO [] YES [
Vessels NO [ YES [] NO [] YES [
Other NO [ YES [ NO [ YES []
CONCLUSION: Is it possible to dilate the pupil? NO []
Is it possible to perform biomicroscopy? NO []
Is it possible to image the anterior NO []

segments?

| Signature of Principal Investigator
|
i

Date

FORM UACOS83-EP
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